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Abstract
Background—Smokers are often reluctant to quit because they fear long-lasting withdrawal.
Yet little research prospectively examines smokers’ withdrawal longer than 1 month post-quit.

Purpose—To compare successful versus unsuccessful quitters’ withdrawal, positive affect/
pleasure, and lifestyle at 1 year post-quit.

Methods—Smokers (N=572) in a cessation trial completed ecological momentary assessments
four times a day for 1 week pre-quit, 1 week post-quit, and 1 week at 1 year post-quit.

Results—From pre-quit to 1 year later, only quitters reported sizeable declines in craving and
restlessness, and fewer stressful events. At 1 year, quitters, on average, reported no significant
craving. Continuing smokers reduced their cigarette consumption considerably from pre-quit to 1
year later.

Conclusions—Contrary to smokers’ worries, long-term quitters reported less craving and
restlessness than when they smoked (perhaps because cessation eliminates the acute nicotine
withdrawal smokers experience between cigarettes). This information may encourage smokers to
quit and endure withdrawal.
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Introduction
Smokers often worry about how their lives will change if they quit smoking. For instance,
they worry that—because of either withdrawal or the loss of smoking as a coping response
—quitting will cause them to experience more stress, restlessness, irritability, anxiety,
negative affect, and nagging cravings for cigarettes (1–6). For many smokers sustained
cessation is a mystery, and they no doubt wonder how they will feel and function—how life
will change—if they are successful at quitting.

Research has shed some light on this topic. For instance, a review (7) concluded that quitters
typically experience withdrawal symptoms for just 2 to 4 weeks after the quit day. The
review noted, however, that some smokers experience more prolonged withdrawal, with
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symptoms persisting for months (8, 9). Furthermore, smokers sometimes report that in prior
quit attempts they experienced cravings after months or even years of abstinence. Hughes
(10) found that half of participants who were abstinent at 6 months reported experiencing
some craving.

Little research has prospectively examined withdrawal symptoms over longer than a month
after the quit day. One study (11) with a longer follow-up assessed self-quitters’ withdrawal
symptoms at 1 week and at 1, 6, and 12 months post-quit. However this study did not collect
pre-quit data on withdrawal symptoms and did not use ecological momentary assessment,
which collects data from participants multiple times a day as they go about their daily lives.
A second study—the Hughes study mentioned in the previous paragraph (10)—assessed pre-
and post-quit withdrawal symptoms through 6 months post-quit but again did not use
ecological momentary assessment. Compared to retrospective recall methods, ecological
momentary assessment tends to provide more accurate reports of ongoing events and
experiences (12, 13). To the best of our knowledge, the current study is the first to analyze
ecological momentary assessment data among quitters and continuing smokers at 1 year
after the target quit day.

In the current study, we analyzed real-time measures of smokers’ withdrawal symptoms,
positive affect, and behavioral/contextual lifestyle characteristics during (a) the week prior
to the quit day, (b) the week after the quit day, and (c) a week 1 year after the quit day. We
first performed omnibus analyses comparing the extent to which successful quitters versus
continuing smokers changed on the real-time measures from pre-quit (during on-going
smoking) to 1 year post-quit. We followed up on the omnibus analyses by separately
examining (a) the extent to which successful quitters changed on these measures from pre-
quit to 1 year, and (b) the extent to which continuing smokers changed from pre-quit to 1
year. We then redid the entire series of analyses but instead of examining changes from pre-
quit to 1 year post-quit, we examined changes from immediately post-quit (the estimated
peak of withdrawal) to 1 year post-quit.

A priori, we predicted that successful quitters’ withdrawal symptoms would decrease from
pre-quit to 1 year post-quit, relative to continuing smokers’ withdrawal symptoms. We
reasoned that long-term successful quitters versus continuing smokers would experience less
intense withdrawal symptoms such as craving because of their diminished tobacco
dependence and/or because they no longer experienced the iterative bouts of craving
between cigarettes that often occur during ongoing smoking (14, 15). The main goal of this
work was to determine which symptoms and behaviors changed after prolonged cessation
and how much they changed, relative to continued smoking. The results should help
elucidate the natural history of tobacco dependence and also contribute to efforts to educate
smokers about the long-term outcomes of cessation (e.g., to either reassure them or prepare
them for prolonged challenges).

Method
Participants

Participants were 572 smokers (for demographics see Table 1) who took part in a placebo-
controlled trial evaluating five smoking cessation pharmacotherapies (see (16)). Trial
inclusion criteria included smoking more than 9 cigarettes a day and being motivated to quit.
Exclusion criteria included consuming 6 or more alcoholic drinks 6 to 7 days a week or
reporting a history of an eating disorder (both are contraindications for bupropion, one of the
study’s pharmacotherapies). Additional exclusion criteria included reporting a history of
schizophrenia, psychosis, or bipolar disorder. Participants provided written informed

Schlam et al. Page 2

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



consent, and the University of Wisconsin Health Sciences Institutional Review Board
approved the trial.

The parent trial involved 1504 smokers, but the sample for this study was 572. We lost
participants because we required that they: (a) attend the 1-year follow-up visit to provide
abstinence data (carbon monoxide-confirmed if claiming abstinence; 502 participants lost);
(b) provide self-reports via ecological momentary assessment in the days surrounding the
target quit day and again at 1 year after the quit day (393 participants lost); and (c) be
verified as abstinent at both 6 months and 1 year after the target quit day, smoking at both
time points, or abstinent at 6 months but smoking at 1 year (37 participants lost). We
required that participants considered abstinent be verified as abstinent at both 6 months and
1 year to increase the likelihood that they had maintained abstinence for a substantial time.
This conservative policy was adopted because it is unknown how long a period of
abstinence is required for some of the positive effects of tobacco abstinence to occur.

Baseline and Abstinence Measures
Baseline demographics—Participants reported their age, education level, and other
demographic information.

Cigarettes per day—At baseline, participants reported on average how many cigarettes
they smoked per day. At 1 year after the target quit day, participants completed a follow-up
phone call and reported on average in the past month how many cigarettes they smoked on
days they smoked.

Smoking status—Participants were coded as achieving extended biochemically
confirmed 7-day point-prevalence abstinence at 1 year post-quit if (a) their report of
abstinence over the previous 7 days was confirmed by an expired carbon monoxide rating of
less than 10 parts per million, and (b) they had also achieved carbon monoxide-confirmed 7-
day point-prevalence abstinence at 6 months post-quit. Participants were coded as
continuing smokers if they were either (a) smoking at both 6 months and 1 year post-quit (n
= 294; 82.4% of those coded as continuing smokers), or (b) abstinent at 6 months but
smoking at 1 year post-quit (n = 63; 17.6% of those coded as continuing smokers). (Please
note that the terms “pre-quit” and “post-quit” mean, respectively, the time period before and
after a participant’s target quit day.)

Ecological Momentary Assessments
Personal digital assistants prompted participants to answer ecological momentary
assessment questions four times a day (after waking, before bed, and at two other random
times during the day; all prompts were separated by an hour or more). Participants received
daily ecological momentary assessment prompts for up to 2 weeks prior to their target quit
day, for 2 weeks after their target quit day, and for a week 1 year after their target quit day.
As in our previous research (17) that examined the ecological momentary assessment data
surrounding the target quit day (but that did not examine the ecological momentary
assessment data gathered 1 year after the target quit day), we analyzed responses from (a)
the 10 days prior to the target quit day, and (b) the target quit day plus the following 10
days. As we did previously, responses to the first and last 2 days of prompting were
eliminated from analyses because they were not representative of the other responses (in
terms of both completion rates and mean values) and because not all participants completed
the full assessment period based on appointment scheduling.

Each ecological momentary assessment prompt asked participants to respond to questions
based on how they felt in the last 15 minutes. As in our previous research (18, 19), we
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included items selected from validated questionnaires (typically scale salients) that would
provide face valid information on a broad array of constructs while minimizing participant
burden. The questions included: (a) two positive affect items (excited and enthusiastic) from
the Positive and Negative Affect Scale (20); (b) ten items from the Wisconsin Smoking
Withdrawal Scale (21) assessing five withdrawal dimensions (anger/irritability, anxiety,
sadness, difficulty concentrating, and hunger); each withdrawal dimension consisted of the
two strongest loading items in the scale derivation factor analysis (21); (c) two craving items
—“I have had an urge to smoke” (22) and the craving item from the Wisconsin Smoking
Withdrawal Scale (“I have been bothered by the desire to smoke a cigarette”); and (d) an
item assessing restlessness. The mean of the items for each domain (e.g., positive affect,
craving) was used for each analysis (see the analytic plan for more details). The positive
items from the Positive and Negative Affect Scale used a 5-point scale ranging from 1 (not
at all) to 5 (extremely), and the remaining items described above used a slider (i.e., a visual
analogue scale) on the personal digital assistant ranging from “disagree!!” (coded as 0) to
“agree!!” (coded as 10). The Wisconsin Smoking Withdrawal Scale has a 0 to 4 response
scale, but, as in previous ecological momentary assessment research (18), we used a 0 to 10
response scale to increase response sensitivity.

Participants also reported whether smoking was permitted at the location where they were in
the last 15 minutes, the number of cigarettes they smoked since their last ecological
momentary assessment prompt, and how recently they last smoked. In the evening
assessment, participants additionally reported: (a) whether any stressful events happened
since their evening report the previous night, (b) how many alcoholic drinks they had that
day, and (c) how much pleasure they got that day from three domains—contact with others,
performance (work, school, or chores), and recreation. The three pleasure items used a slider
that ranged from “no pleasure” (coded as 0) to “extreme pleasure” (coded as 10). There were
also some ecological momentary assessment questions that were either redundant or not
relevant for the current study (e.g., smoking cessation medication use).

Procedure
Qualified participants gave written, informed consent and completed baseline assessments
including a carbon monoxide breath test and demographic and smoking history
questionnaires. Participants were then randomized to one of six treatment conditions: (1)
sustained-release bupropion (for 1 week prior to the quit day plus 8 weeks starting on the
quit day); (2) nicotine lozenge (for 12 weeks starting on the quit day); (3) nicotine patch (for
8 weeks starting on the quit day); (4) nicotine patch + nicotine lozenge; (5) sustained-release
bupropion + nicotine lozenge; or (6) one of five placebo conditions matched to the five
active conditions. All participants also received six brief (10–20 minute) individual
counseling sessions (see (16) for details).

Analytic Plan
Craving (the mean of the two craving items described earlier) and pleasure (the mean of the
three pleasure items described earlier) composite measures were grouped with the other
ecological momentary assessment items into three substantively related domains: (a)
withdrawal symptoms (7 tests: craving, restlessness, and the five withdrawal dimensions
assessed by the Wisconsin Smoking Withdrawal Scale); (b) positive affect and pleasure (2
tests: the positive items from the Positive and Negative Affect Scale and the composite
pleasure measure); and (c) behavioral/contextual features (3 tests— number of alcoholic
drinks that day, occurrence of stressful events, and whether smoking was permitted at their
current location). There were also two additional tests for analyses involving only
participants smoking at 1 year: how recently they last smoked, and cigarettes smoked since
the last prompt.
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We analyzed participants’ responses on each ecological momentary assessment measure
(e.g., the composite craving measure) using analysis of variance (ANOVA). We reported
two effect sizes—generalized eta squared (23) and partial eta squared (conservative and
liberal effect size estimates, respectively)—to provide a reasonable range of effect sizes. For
generalized eta squared, .02, .13, and .26 can be considered small, medium, and large
effects, respectively (24). For partial eta squared, .02, .15, and .35 can be considered small,
medium, and large effects, respectively (25). We conducted two omnibus analyses
comparing the extent to which successful quitters versus continuing smokers changed on
each ecological momentary assessment measure (from pre-quit to 1 year post-quit, and then
from immediately post-quit to 1 year post-quit). These two omnibus analyses included a
between-subjects factor of Abstinence Status (abstinent vs. smoking at 1 year post-quit) and
a within-subjects repeated measures factor of Time (either pre-quit vs. 1 year post-quit or
immediately post-quit vs. 1 year post-quit). We used these two omnibus analyses to examine
effects within the three ecological momentary assessment measure domains (withdrawal
symptoms, positive affect/pleasure, and behavioral/contextual features); thus, there were six
families of analyses, and we used the Holm-Bonferroni method to correct for conducting
multiple comparisons within families.

We followed up any significant interactions between Abstinence Status and Time with
focused tests of simple effects to determine if the Time effect was significant within each
group (i.e., in successful quitters alone and in continuing smokers alone) using a one-way
repeated measures ANOVA with a within-subjects repeated measures factor of Time. We
also followed up any significant main effects of Time (in the absence of an Abstinence
Status by Time interaction) to determine if the Time effect was significant within each group
and suggested there was change over time. Thus, we performed the first omnibus analysis
(comparing the extent to which successful quitters versus continuing smokers changed from
pre-quit to 1 year) and then followed-up with analyses separately assessing (a) the extent to
which successful quitters changed on each ecological momentary assessment measure from
pre-quit to 1 year and (b) the extent to which continuing smokers changed from pre-quit to 1
year. We subsequently performed the second omnibus analysis (comparing the extent to
which successful quitters versus continuing smokers changed from immediately post-quit to
1 year) and then followed-up with analyses separately assessing (a) the extent to which
successful quitters changed on each ecological momentary assessment measure from post-
quit to 1 year and (b) the extent to which continuing smokers changed from post-quit to 1
year. We believed it was clinically important to identify significant changes within each
group because information on long-term changes from the precessation or withdrawal
periods could be helpful in educating and counseling smokers.

Results
Successful quitters’ and continuing smokers’ mean ecological momentary assessment
responses at pre-quit, immediately post-quit, and 1 year post-quit are reported in Table 2.
For all omnibus analyses reported below, results that were significant with the Holm-
Bonferroni correction remained significant (analyses not shown) after controlling for the
following covariates (chosen because those who were abstinent versus continuing to smoke
at 1 year post-quit differed on these variables at baseline): education (less than high school
vs. high school education or greater), race (white vs. not white), and cigarettes per day.

Changes from Pre-quit to 1 Year Post-quit
Omnibus results for changes among quitters versus continuing smokers from
pre-quit to 1 year post-quit—There was a significant interaction effect between Time
(pre-quit vs. 1 year post-quit) and Abstinence Status (abstinent vs. smoking at 1 year post-
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quit) for four of the ecological momentary assessment measures: craving, restlessness,
anger/irritability, and the percentage of prompts at which smoking was permitted at their
location (see Figure 1; the effect for anger/irritability, however, had a p value of .012 which
was just shy of the p < .01 needed for the effect to be significant with the Holm-Bonferroni
correction). Additionally, there was a main effect of Time for positive affect, pleasure, and
the percentage of days with a stressful event.

In terms of the interaction effects, quitters showed a steeper decrease than continuing
smokers in craving from pre-quit to 1 year post-quit, F(1, 570) = 277.24, p < .001, ηG

2 = .
097, ηp

2 = .33. Similarly, quitters showed a decrease in restlessness while continuing
smokers did not, F(1, 570) = 11.77, p < .001, ηG

2 = .004, ηp
2 = .02. Quitters decreased in

anger/irritability while continuing smokers increased slightly, although, as mentioned above,
this interaction was not significant with the correction for multiple comparisons, F(1, 570) =
6.28, p = .012, ηG

2 = .002, ηp
2 = .01. Finally, there was a decrease in the percentage of

prompts at which quitters reported that smoking was permitted at their location (from 84 to
71% of the time), while continuing smokers reported a slight increase (from 84 to 85%),
F(1, 570) = 35.05, p < .001, ηG

2 = .018, ηp
2 = .06.

We were interested in whether any of the significant relationships we found between Time
and Abstinence Status differed as a function of treatment condition (interacted with
medication condition). To examine this we coded treatment based on Cohen and colleagues’
recommendations for 2 × 2 designs (26) and created two treatment variables (one for the
bupropion effect and one for the nicotine replacement therapy effect). We then entered both
variables simultaneously as between subjects factors in the ANOVA analyses. We chose this
coding because (a) bupropion may have unique effects on symptoms, (b) the coding allowed
us to examine the effect of the combination of bupropion and nicotine lozenge (through the
interaction of the bupropion effect and the nicotine replacement therapy effect), and (c) it
maintains orthogonality of effects. For the bupropion effect (pharmacotherapy involving
bupropion), participants were assigned a +.5 if they were randomized to bupropion or
bupropion + lozenge and a −.5 if they were randomized to placebo, patch, lozenge, or patch
+ lozenge. For the nicotine replacement therapy effect (pharmacotherapy involving at least
some nicotine replacement therapy), participants were assigned a +.5 if they were
randomized to patch, lozenge, patch + lozenge, or bupropion + lozenge and a −.5 if they
were randomized to placebo or bupropion.

Only one of the significant interactions between Time and Abstinence Status described
above—involving the percentage of prompts at which smoking was permitted—was
subsumed by a 3-way interaction that comprised treatment condition. For this analysis,
adding the two treatment variables (the bupropion effect and the nicotine replacement
therapy effect) simultaneously as between subjects factors in the ANOVA resulted in a Time
× Abstinence Status × Bupropion Treatment interaction, F(1, 564) = 6.60, p = .01, ηG

2 = .
003, ηp

2 = .01. To unpack this interaction, we examined the unadjusted means in a separate
analysis that coded treatment as a categorical variable with three levels: (a) placebo, (b)
some bupropion (i.e., bupropion or bupropion + lozenge), and (c) nicotine replacement
therapy only (i.e., nicotine patch, lozenge, or patch + lozenge). This analysis revealed that
successful quitters randomized to placebo reported a large decrease from pre-quit to 1 year
post-quit in the percentage of prompts at which smoking was permitted at their location
(from 84 to 52% of the time), while quitters randomized to at least some bupropion reported
a small decrease (from 83 to 76%), and quitters randomized to receive only nicotine
replacement therapy reported an intermediate decrease (from 85 to 71%). Continuing
smokers—regardless of treatment condition—reported smoking was permitted at their
location approximately 85% of the time at both pre-quit and 1 year post-quit. (Because
including the two treatment variables resulted in a significant interaction, we also included
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the treatment variables in the analysis below examining the extent to which successful
quitters reported a change from pre-quit to 1 year in the percentage of prompts at which
smoking was permitted at their location.)

Changes among successful quitters from pre-quit to 1 year post-quit—
Successful quitters showed significant decreases from pre-quit to 1 year post-quit on six
ecological momentary assessment measures: (a) craving, F(1, 214) = 599.63, p < .001, ηG

2

= .493, ηp
2 = .74; (b) restlessness, F(1, 214) = 40.37, p < .001, ηG

2 = .035, ηp
2 = .16; (c)

anger/irritability, F(1, 214) = 5.08, p = .03, ηG
2 = .005, ηp

2 = .02; (d) pleasure, F(1, 201) =
10.91, p = .001, ηG

2 = .011, ηp
2 = .05; (e) the percentage of time a stressful event occurred

since the last evening report (from 19 to 14%), F(1, 201) = 8.36, p = .004, ηG
2 = .011, ηp

2

= .04; and (f) the percentage of prompts at which smoking was permitted at their location,
F(1, 211) = 30.46, p < .001, ηG

2 = .050, ηp
2 = .13. This final analysis included the two

treatment variables (for reasons described above), and the main effect of Time was
subsumed by a significant Time × Bupropion Treatment interaction, F(1, 211) = 4.92, p = .
03, ηG

2 = .012, ηp
2 = .02. To unpack this interaction, we examined the unadjusted means in

a separate analysis described earlier. This analysis revealed that successful quitters
randomized to placebo reported a large decrease from pre-quit to 1 year post-quit in the
percentage of prompts at which smoking was permitted at their location, while quitters
randomized to the bupropion treatments reported a small decrease and quitters randomized
to receive only nicotine replacement therapy reported an intermediate decrease.

Changes among continuing smokers from pre-quit to 1 year post-quit—
Continuing smokers showed decreases from pre-quit to 1 year post-quit on two ecological
momentary assessment measures: (a) craving, F(1, 356) = 4.38, p = .037, ηG

2 = .003, ηp
2 = .

01; and (b) pleasure, F(1, 314) = 25.97, p < .001, ηG
2 = .014, ηp

2 = .08. They also showed a
small increase in positive affect, F(1, 356) = 4.48, p = .035, ηG

2 = .002, ηp
2 = .01.

We then performed several additional analyses that were separate from the omnibus
analyses because only continuing smokers’ answers to these questions were meaningful at 1
year post-quit. All these analyses included the two treatment variables (bupropion and
nicotine replacement therapy) as between-subjects factors. Continuing smokers showed
decreases from prequit to 1 year in the number of cigarettes they smoked since the last
report, F(1, 315) = 74.41, p < .001, ηG

2 = .060, ηp
2 = .19; this effect, however, was

subsumed by a significant interaction between Time and Treatment with nicotine
replacement therapy, F(1, 315) = 6.35, p = .01, ηG

2 = .005, ηp
2 = .02. To make sense of this

interaction, we examined the unadjusted means in a separate analysis that again coded
treatment as a categorical variable with three levels: (a) placebo, (b) some bupropion, and
(c) nicotine replacement therapy only. This analysis revealed that continuing smokers
randomized to placebo reported only a slight decrease from pre-quit to 1 year post-quit in
cigarettes smoked since the last report (from 4.79 to 4.21 cigarettes). In contrast, continuing
smokers randomized to the bupropion treatments reported a decrease from 5.25 to 3.65
cigarettes, and continuing smokers randomized to receive only nicotine replacement therapy
reported a decrease from 5.44 to 3.75.

Continuing smokers also showed decreases in the percentage of the time they smoked their
most recent cigarette less than 15 minutes before the prompt from 29% of the time (SE =
1.4) pre-quit to 22% of the time (SE = 1.4) at 1 year post-quit, F(1, 315) = 35.53, p < .001,
ηG

2 = .032, ηp
2 = .10; there were no significant interactions with treatment. In addition to

these analyses of the ecological momentary assessment measures, we examined whether
continuing smokers changed the number of cigarettes they smoked per day from pre-quit
(assessed via questionnaire) to month 12 after the target quit day (assessed via a follow-up
call). We found continuing smokers decreased their mean cigarettes per day from 22.35 (SE
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= .64) pre-quit to 12.57 (SE = .58) at 1 year, F(1, 317) = 324.84, p < .001, ηG
2 = .215, ηp

2

= .51; there were no significant interactions with treatment.

Changes from Immediately Post-quit to 1 Year Post-quit
Omnibus results for changes among quitters versus continuing smokers from
immediately post-quit to 1 year post-quit—There was a significant interaction effect
between Time (immediately post-quit vs. 1 year post-quit) and Abstinence Status (abstinent
vs. smoking at 1 year post-quit) for two of the ecological momentary assessment measures:
craving and the percentage of prompts at which smoking was permitted at their location.
Additionally, there was a main effect of Time for: restlessness, anger/irritability, anxiety,
difficulty concentrating, hunger, positive affect, pleasure, the percentage of days with a
stressful event, and the number of alcoholic drinks consumed that day.

In terms of the interaction effects, quitters showed a relatively steep decrease in craving
while continuing smokers showed a slight decrease from immediately post-quit to 1 year
post-quit, F(1, 570) = 130.95, p < .001, ηG

2 = .054, ηp
2 = .19. Additionally, among quitters

there was a decrease in the percentage of prompts at which they reported smoking was
permitted at their location (from 78 to 71% of the time), while among continuing smokers
there was an increase (from 80 to 85%), F(1, 570) = 28.14, p < .001, ηG

2 = .011, ηp
2 = .05.

Finally, quitters showed a steeper decrease in restlessness than continuing smokers, but this
interaction effect was not significant after correcting for multiple comparisons, F(1, 570) =
4.09, p = .04, ηG

2 = .0015, ηp
2 = .01. None of the significant relationships we found

between Time and Abstinence Status differed as a function of treatment condition (coded
using two variables as described above).

Changes among successful quitters from immediately post-quit to 1 year
post-quit—Successful quitters showed decreases from immediately post-quit to 1 year
post-quit on nine ecological momentary assessment measures: (a) craving, F(1, 214) =
347.03, p < .001, ηG

2 = .364, ηp
2 = .62; (b) restlessness, F(1, 214) = 100.43, p < .001, ηG

2

= .097, ηp
2 = .32; (c) anger/irritability, F(1, 214) = 19.11, p < .001, ηG

2 = .021, ηp
2 = .08;

(d) anxiety, F(1, 214) = 33.71, p < .001, ηG
2 = .037, ηp

2 = .14; (e) difficulty concentrating,
F(1, 214) = 19.67, p < .001, ηG

2 = .023, ηp
2 = .08; (f) hunger, F(1, 214) = 8.08, p = .005,

ηG
2 = .008, ηp

2 = .04; (g) pleasure, F(1, 201) = 4.05, p = .046, ηG
2 = .004, ηp

2 = .02; (h) the
percentage of time a stressful event occurred since the last evening report (from 20 to 14%),
F(1, 201) = 11.32, p = .001, ηG

2 = .017, ηp
2 = .05; and (i) the percentage of prompts at

which smoking was permitted at their location, F(1, 214) = 11.86, p = .001, ηG
2 = .013, ηp

2

= .05. Quitters also showed a slight increase in the number of alcoholic drinks they reported
drinking on a given day, F(1, 201) = 4.61, p = .03, ηG

2 = .003, ηp
2 = .02.

Changes among continuing smokers from immediately post-quit to 1 year
post-quit—Continuing smokers showed decreases from immediately post-quit to 1 year
post-quit on seven ecological momentary assessment measures: (a) craving, F(1, 356) =
9.54, p = .002, ηG

2 = .008, ηp
2 = .03; (b) restlessness, F(1, 356) = 47.19, p < .001, ηG

2 = .
028, ηp

2 = .12; (c) anger/irritability, F(1, 356) = 11.82, p = .001, ηG
2 = .007, ηp

2 = .03; (d)
anxiety, F(1, 356) = 16.62, p < .001, ηG

2 = .010, ηp
2 = .05; (e) difficulty concentrating, F(1,

356) = 12.81, p < .001, ηG
2 = .006, ηp

2 = .04; (f) hunger, F(1, 356) = 10.43, p = .001, ηG
2

= .006, ηp
2 = .03; and (g) pleasure, F(1, 314) = 8.60, p = .004, ηG

2 = .005, ηp
2 = .03.

Continuing smokers also showed increases from immediately post-quit to 1 year post-quit
on three ecological momentary assessment measures: (a) the number of alcoholic drinks
they consumed that day (from .66 to .95 drinks), F(1, 314) = 6.89, p = .009, ηG

2 = .004, ηp
2

= .02; (b) the percentage of prompts at which smoking was permitted at their location, F(1,
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356) = 15.64, p < .001, ηG
2 = .010, ηp

2 = .04; and (c) positive affect, F(1, 356) = 8.15, p = .
005, ηG

2 = .004, ηp
2 = .02.

Changes in Cravings to Smoke—To understand more fully the changes in craving
experienced by quitters and continuing smokers, we calculated the percentage in each group
whose ecological momentary assessment scores indicated they had experienced significant
craving—i.e., they had a mean score of 6 or higher on the craving scale which ranged from
“disagree!!” (coded as 0) to “agree!!” (coded as 10). The percentage of quitters whose mean
score indicated they had experienced significant craving at pre-quit, post-quit, and 1 year
respectively was 16.3%, 17.2%, and 0.5%. Among continuing smokers, the corresponding
percentages were 23.2%, 28.6%, and 23.0%.

Discussion
Many smokers worry that if they quit smoking they will feel worse psychologically than
they felt before they quit. For instance, they worry that they will miss the pleasure of
smoking or that their lives will be more stressful if they cannot smoke as a coping response
(3, 4, 6). The present study found, however, that smokers who quit—and were still abstinent
1 year after their target quit day—actually improved from pre-quit to 1 year on several
symptomatic and contextual measures. Specifically, from pre-quit to 1 year, quitters showed
sizeable decreases in craving—including a near extinction of significant cravings—and they
showed decreases in restlessness, stressful event frequency, and the percentage of time they
spent in a location permitting smoking. Unexpectedly, quitters showed a decrease in
pleasure from pre-quit to 1-year, but so did continuing smokers. Moreover, the effect in each
group was of small magnitude, and it was correlated with age in the combined sample,
r(515) = .10, p = .02, suggesting a general decline in pleasure with aging.

That these findings arise from real-time assessment of symptom and behavioral ratings gives
credence to the results. It lends further credence to the results that they agree with Hughes’
(10) findings showing continuous quitters’ withdrawal symptoms (except hunger and weight
gain) returned to pre-quit levels by 30 days post-quit and remained at pre-quit levels or
decreased further at the 6 month follow-up (this research did not use ecological momentary
assessment, however). The finding that quitters showed a decrease in stressful event
frequency from pre-quit to 1 year post-quit is also consistent with other studies that have
found quitting smoking decreases stress (for a review, see (15)). Chassin et al. (27), in
particular, found that quitters reported less stress (but not less negative affect) than when
they were smoking 6 years earlier, and those findings are consistent with the current study’s
findings.

It is important to note that in the current study stress was assessed by asking about the
occurrence of stressful events (“Have any stressful events happened since your evening
report last night?”), rather than feelings of stress. It is possible, though, that participants
responded based on their perceived stress level rather than based on the occurrence of
stressful events, in which case the quitters were really reporting at 1 year post-quit that they
felt that life seemed less stressful. Indeed, it is possible that smoking is motivated, in part, by
a vicious cycle; smokers believe that smoking alleviates their stress, but smoking actually
changes their evaluations of events so the events seem more stressful. It is also possible that
the quitters actually did encounter fewer stressors because smoking itself had constituted a
major stressor for them (e.g., due to withdrawal symptoms, the expense, or conflicts with
family members over smoking), or because quitting smoking entailed major lifestyle
changes that reduced their exposure to stressors.
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Although we predicted that quitters’ anxiety and sadness would decrease from pre-quit to 1
year post-quit relative to continuing smokers, omnibus analyses found that neither quitters
nor continuing smokers showed a substantial change in anxiety or sadness over this period.
It is possible that quitters’ anxiety and sadness did not improve with abstinence because
these symptoms reflect person factors that are comorbid with smoking (e.g., neuroticism-
related negative affect). This account is consistent with the observation that withdrawal
symptoms involving negative affect such as anxiety and sadness tend to be less affected by
nicotine abstinence than is craving (e.g., (17)). It may also be that anxiety and sadness are
more tightly homeostatically regulated than is craving (28). Thus, perhaps anxiety and
sadness did not improve with time because they are less affected by abstinence in the first
place.

The omnibus analyses of changes from pre-quit to 1 year also revealed that quitters
experienced a steep decline in craving while continuing smokers’ craving levels only
decreased slightly. The omnibus analyses further revealed that quitters experienced declines
in restlessness and anger/irritability from pre-quit to 1 year while continuing smokers’ levels
either remained stable or increased. (The anger/irritability interaction was not significant,
however, with the correction for multiple comparisons.) In general, the data show that on-
going smoking is not effective at sustained craving control (or at controlling certain other
withdrawal symptoms).

Parrott (15) has theorized that regular smokers experience acute nicotine withdrawal and
associated mood fluctuations during the time between cigarettes, and laboratory research has
shown that withdrawal symptoms can begin as soon as 30 minutes after a cigarette (14).
Parrott (29) has also shown that smokers typically experience fluctuating stress with greater
stress prior to smoking (probably due to nicotine withdrawal) followed by a brief decrease in
stress after smoking. The current study’s main findings can be explained by Parrott’s model
(30) that smokers’ acute nicotine withdrawal between cigarettes causes them to experience
ongoing distress and withdrawal symptoms (such as craving, restlessness, and anger/
irritability), whereas if they quit smoking (for long enough to make it past the immediate
effects of withdrawal), they experience declines in these symptoms.

Counselors can use the current study’s findings to underscore the message that only
successful cessation can produce long-term elimination of craving (just 0.5% of quitters had
mean scores indicating they had experienced significant craving at 1-year post-quit; also cf.
(11, 31)). Counselors can also use these findings to educate smokers that—contrary to what
many smokers may fear—evidence shows that from pre-quit to 1 year post-quit, successful
quitters report experiencing (a) large reductions in cravings for cigarettes, (b) less
restlessness, and (c) fewer stressful events than when they smoked. In other words, not only
do their withdrawal symptoms get better after quitting and staying quit, by 1 year post-quit
their withdrawal symptoms tend to be even better than when they were smoking.

Continuing smokers (regardless of their treatment condition) reported approximately 85% of
the time at both prequit and 1 year post-quit that smoking was permitted at their location.
(These data were collected before Wisconsin instituted a state-wide indoor smoking ban.)
Quitters, by contrast, reported decreased time spent in places where smoking was permitted.
(Counselors encouraged all participants in the current study to limit their exposure to
environments permitting smoking.) Quitters randomized to placebo showed the largest
decrease (from 84 to 52% of the time; a 32 percentage point drop) while quitters randomized
to the nicotine replacement therapy-only and bupropion conditions showed 14 and 7
percentage point drops respectively. This pattern may have occurred because only those
participants with few contextual prompts to smoke during the follow-up period were able to
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quit with placebo, while active medication enabled participants to better withstand such
contextual challenges while remaining abstinent.

The current study also examined quitters’ changes from the early days post-quit (i.e., during
acute withdrawal) to 1 year post-quit and found that quitters showed decreases on almost all
the withdrawal symptoms assessed (i.e., they showed decreases in craving, restlessness,
anger, anxiety, difficulty concentrating, and hunger), and they reported fewer stressful
events. That these withdrawal symptoms decreased for quitters from post-quit to 1 year is
not surprising given that withdrawal symptoms typically peak in the first week post-quit and
last, on average, 2 to 4 weeks (7). Nevertheless, smokers may find it reassuring to learn that
acute withdrawal symptoms, including craving, largely dissipate for those who remain
abstinent through 1 year post-quit and may even fall below the levels they experienced while
actively smoking.

Of course, returning to smoking after a quit attempt also reduces withdrawal symptoms (32)
from levels experienced during the peak of withdrawal; continuing smokers showed
decreases from post-quit to 1 year after the quit day for almost all the withdrawal symptoms
assessed. However these effects were consistently smaller than the decreases reported by
successful quitters (although there was only a significant interaction between time and
abstinence status for craving and not for any of the other withdrawal symptoms assessed).

In terms of alcohol intake, both quitters and continuing smokers reported a small increase in
the number of alcoholic drinks they consumed on a given day from post-quit to 1 year after
the quit day, such that by 1 year they had returned to drinking at approximately their pre-quit
levels. This temporary post-quit decrease in both quitters’ and continuing smokers’ alcohol
consumption may reflect the counseling they received encouraging them to reduce their
alcohol intake during the quit attempt.

Continuing smokers reduced their cigarette consumption considerably from a mean of 22
cigarettes per day pre-quit to 13 at 1 year. Thus—assuming, as is likely, that continuing
smokers were not using cessation medication at 1 year—treatment (counseling plus, for
most participants, medication) appears to have had the unanticipated long-term effect of
causing continuing smokers to smoke fewer cigarettes a day. Moreover, there was a
significant interaction effect in the ecological momentary assessment data suggesting that
continuing smokers who had received cessation medication may have decreased the number
of cigarettes they smoked more than continuing smokers who had received placebo
treatment a year earlier. These data encourage further investigation of the long-term effects
of cessation treatment on smoking heaviness among those who fail to quit successfully. It
would also be important to determine the extent to which these effects occur because of
cessation treatment versus making a quit attempt per se. Cutting back does not confer the
dramatic health benefits and mortality reduction that quitting does (33–35), but sustained
smoking reduction may have public health consequences because of reduced toxicant
exposure (although the effect on disease risk is unclear) and because reduced smoking
increases the likelihood a smoker will quit permanently in the future (36, 37). It is not clear
what mechanisms account for the effect of treatment on smoking heaviness in continuing
smokers, but perhaps cessation medication helps smokers eliminate smoking in key
situations, resulting in sustained reduced smoking after relapse.

Four study limitations should be noted. First, this study’s sample was much smaller than the
parent trial’s sample, and this reduced sample size decreases power to detect effects.
Furthermore, dropout may have been systematic, meaning that particular types of smokers
may have been more likely not to complete the ecological momentary assessment data and
not to attend the 1-year follow-up, and such differential dropout limits the results’
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generalizability. A second limitation is that smokers were excluded from the trial for some
forms of psychiatric comorbidity (very heavy drinking, psychosis) and this also limits the
results’ generalizability. However, the sample nevertheless had high levels of nonexcluded
psychopathology as measured by the World Mental Health Survey Initiative version of the
Composite International Diagnostic Interview (38, 39). Of participants in the current sample
who completed the interview at baseline, 18.3% had a lifetime history of major depressive
disorder, 38.1% had a lifetime history of anxiety (panic attacks, social anxiety, or
generalized anxiety disorder), and 50.9% had a lifetime history of alcohol abuse. A third
limitation is that the ecological momentary assessment of craving and other withdrawal
symptoms may have caused some reactivity—especially among the quitters who had been
abstinent for a year—but if this is the case, it would make the findings a more conservative
test of the relationship between long-term abstinence and withdrawal. A fourth limitation is
that participants self-selected into groups (continuing smokers vs. successful quitters), and
therefore we cannot necessarily use the data from successful quitters to prognosticate what
life would have been like for the continuing smokers, had they succeeded in quitting.

To conclude, in this study, when quitters were compared with continuing smokers, the
quitters showed greater positive changes from pre-quit to 1 year in terms of decreased
craving and restlessness. In follow-up analyses, quitters showed the following improvements
from pre-quit to 1 year: sizeable reductions in craving, less restlessness and anger/
irritability, and fewer days with stressful events. By contrast, continuing smokers showed no
noteworthy improvements at 1 year except that they smoked fewer cigarettes a day.

These findings expand the arsenal of encouraging messages that clinicians can share
regarding patients who successfully quit smoking for a year. The withdrawal symptoms
these patients experience immediately after the quit attempt abate. Furthermore, by 1 year,
compared to how they were feeling while still smoking: (a) their cravings for cigarettes have
essentially disappeared, (b) they feel less restless, and (c) their lives are less stressful. These
messages may help alleviate the concerns that prevent many smokers from trying to quit and
may help smokers to cope with the immediate effects of withdrawal during a quit attempt.
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Figure 1.
Interaction effects showing that those abstinent versus smoking at 1 year post-quit differed
in the extent to which they changed from pre-quit to 1 year post-quit in terms of their mean
craving, restlessness, anger/irritability, and percentage of prompts at which smoking was
permitted at their location. The interaction effect for anger/irritability (p = .012) was no
longer significant after correcting for multiple comparisons. Additional analyses (not
graphed here) found the interaction effect for the percentage of prompts at which smoking
was permitted differed significantly as a function of treatment condition. Error bars
represent SEs.
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Table 1

Baseline Sample Characteristics

Total sample
(N = 572)

Abstinent at
1 year

(n = 215;
37.6%)

Smoking at
1 year

(n = 357;
62.4%)

% Female 57.5% 52.6% 60.5%

% White 86.3% 91.2% b 83.3% b

% with a high school education or greater 94.7% 97.2% a 93.2% a

Mean age (SD) 45.39 (10.86) 46.04 (11.49) 44.99 (10.46)

Mean number of cigarettes per day at baseline (SD) 21.29 (8.93) 19.68 (7.42) c 22.26 (9.61)c

Note. We compared the baseline characteristics of participants who were abstinent versus smoking at 1 year after the target quit date using t-tests
and chi-square tests where appropriate.
Items with the same superscript differ significantly from each other.

a
p < .05.

b
p < .01.

c
p < .001.

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Schlam et al. Page 17

Ta
bl

e 
2

M
ea

ns
 (

an
d 

st
an

da
rd

 d
ev

ia
tio

ns
 in

 p
ar

en
th

es
es

) 
on

 e
co

lo
gi

ca
l m

om
en

ta
ry

 a
ss

es
sm

en
t m

ea
su

re
s 

at
 th

re
e 

tim
e 

po
in

ts
 a

m
on

g 
qu

itt
er

s 
ve

rs
us

 c
on

tin
ui

ng
sm

ok
er

s.

P
re

-q
ui

t
P

os
t-

qu
it

1 
ye

ar
 p

os
t-

qu
it

M
ea

su
re

A
bs

ti
ne

nt
at

 1
 y

ea
r

Sm
ok

in
g

at
 1

 y
ea

r
A

bs
ti

ne
nt

at
 1

 y
ea

r
Sm

ok
in

g 
at

1 
ye

ar
A

bs
ti

ne
nt

 a
t

1 
ye

ar
Sm

ok
in

g 
at

 1
ye

ar

C
ra

vi
ng

†‡
3.

96
a

(2
.1

3)
4.

42
b

(2
.1

4)
3.

51
c

(2
.4

8)
4.

61
d

(2
.4

8)
0.

60
ac

(1
.1

5)
4.

17
bd

(2
.4

1)

R
es

tle
ss

ne
ss

†
1.

26
a

(1
.3

1)
1.

70
(1

.7
2)

1.
79

c

(1
.8

6)
2.

32
d

(2
.2

4)
0.

81
ac

(1
.0

4)
1.

64
d

(1
.7

3)

A
ng

er
/

Ir
ri

ta
bi

lit
y†

*
1.

05
a

(1
.1

6)
1.

30
(1

.3
3)

1.
26

c

(1
.4

7)
1.

66
d

(1
.6

6)
0.

89
ac

(1
.0

1)
1.

40
d

(1
.4

3)

A
nx

ie
ty

1.
26

(1
.1

2)
1.

64
(1

.5
3)

1.
62

c

(1
.5

3)
1.

99
d

(1
.8

1)
1.

10
c

(1
.1

1)
1.

66
d

(1
.5

0)

Sa
dn

es
s

0.
73

(1
.0

2)
1.

02
(1

.4
3)

.7
5

(1
.1

5)
1.

11
(1

.5
0)

0.
69

(1
.1

2)
1.

13
(1

.4
6)

D
if

fi
cu

lty
co

nc
en

tr
at

in
g

0.
85

(1
.0

2)
1.

14
(1

.4
6)

1.
12

c

(1
.5

1)
1.

40
d

(1
.6

6)
0.

74
c

(0
.9

8)
1.

16
d

(1
.4

4)

H
un

ge
r

2.
07

(1
.5

8)
2.

11
(1

.6
0)

2.
51

c

(1
.8

0)
2.

46
d

(1
.8

8)
2.

19
c

(1
.7

9)
2.

19
d

(1
.6

0)

Po
si

tiv
e 

af
fe

ct
2.

04
(0

.7
5)

1.
95

b

(0
.7

2)
2.

06
(0

.8
1)

1.
93

d

(0
.7

9)
2.

11
(0

.7
6)

2.
02

bd

(.
71

)

Pl
ea

su
re

1
5.

86
a

(1
.4

4)
5.

59
b

(1
.8

8)
5.

73
c

(1
.6

7)
5.

42
d

(2
.0

4)
5.

52
ac

(1
.7

6)
5.

15
bd

(1
.8

0)

%
 d

ay
s 

w
ith

 a
st

re
ss

fu
l

ev
en

t1

18
.8

3a

(2
2.

33
)

22
.1

5
(2

4.
87

)
20

.3
7c

(2
4.

48
)

22
.0

4
(2

5.
73

)
14

.2
9ac

(2
1.

33
)

19
.5

4
(2

5.
38

)

A
lc

oh
ol

ic
 d

ri
nk

s

th
at

 d
ay

1
1.

05
(1

.5
4)

0.
75

(1
.1

2)
0.

76
c

(1
.7

0)
0.

66
d

(1
.4

2)
0.

98
c

(2
.2

0)
0.

95
d

(1
.9

9)

%
 o

f 
pr

om
pt

s
sm

ok
in

g 
w

as

pe
rm

itt
ed

†‡

84
.0

1a

(2
1.

07
)

84
.2

5
(2

1.
41

)
78

.2
7c

(3
0.

02
)

80
.1

5d

(2
8.

34
)

70
.8

5ac

(3
5.

25
)

85
.3

3d

(2
3.

96
)

C
ig

ar
et

te
s

sm
ok

ed
 s

in
ce

la
st

 p
ro

m
pt

2

4.
71

(2
.9

3)
5.

30
b

(3
.1

3)
--

--
--

3.
77

b

(2
.9

7)

%
 ti

m
e 

sm
ok

ed
24

.6
2

(1
8.

11
)

29
.4

6b

(2
0.

87
)

--
--

--
21

.7
7b

(2
1.

94
)

24
.6

2
(1

8.
11

)
29

.4
6b

(2
0.

87
)

--
--

--
21

.7
7b

(2
1.

94
)

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Schlam et al. Page 18

P
re

-q
ui

t
P

os
t-

qu
it

1 
ye

ar
 p

os
t-

qu
it

M
ea

su
re

A
bs

ti
ne

nt
at

 1
 y

ea
r

Sm
ok

in
g

at
 1

 y
ea

r
A

bs
ti

ne
nt

at
 1

 y
ea

r
Sm

ok
in

g 
at

1 
ye

ar
A

bs
ti

ne
nt

 a
t

1 
ye

ar
Sm

ok
in

g 
at

 1
ye

ar

<
15

 m
in

. a
go

2

N
ot

e.
 W

ith
in

 e
ac

h 
ro

w
, n

um
be

rs
 w

ith
 th

e 
sa

m
e 

su
pe

rs
cr

ip
t l

ow
er

ca
se

 le
tte

r 
di

ff
er

 s
ig

ni
fi

ca
nt

ly
.

† de
no

te
s 

a 
m

ea
su

re
 th

at
 s

ho
w

ed
 a

 s
ig

ni
fi

ca
nt

 in
te

ra
ct

io
n 

ef
fe

ct
 b

et
w

ee
n 

T
im

e 
an

d 
A

bs
tin

en
ce

 S
ta

tu
s 

su
ch

 th
at

 q
ui

tte
rs

 v
er

su
s 

co
nt

in
ui

ng
 s

m
ok

er
s 

di
ff

er
ed

 in
 h

ow
 m

uc
h 

th
ey

 c
ha

ng
ed

 o
n 

th
is

 m
ea

su
re

 f
ro

m
pr

e-
qu

it 
to

 1
 y

ea
r p

os
t-

qu
it,

 w
hi

le

‡ de
no

te
s 

a 
m

ea
su

re
 th

at
 s

ho
w

ed
 a

 s
ig

ni
fi

ca
nt

 in
te

ra
ct

io
n 

ef
fe

ct
 f

ro
m

 im
m

ed
ia

te
ly

 p
os

t-
qu

it 
to

 1
 y

ea
r.

* T
he

 in
te

ra
ct

io
n 

ef
fe

ct
 b

et
w

ee
n 

T
im

e 
(p

re
-q

ui
t v

s.
 1

 y
ea

r 
po

st
-q

ui
t)

 a
nd

 A
bs

tin
en

ce
 S

ta
tu

s 
fo

r 
an

ge
r/

ir
ri

ta
bi

lit
y 

ha
d 

a 
p 

va
lu

e 
of

 .0
12

 (
ju

st
 s

hy
 o

f 
th

e 
p 

<
 .0

1 
ne

ed
ed

 f
or

 th
e 

ef
fe

ct
 to

 b
e 

si
gn

if
ic

an
t w

ith
 th

e
H

ol
m

-B
on

fe
rr

on
i c

or
re

ct
io

n)
. N

 =
 5

72
 (

21
5 

ab
st

in
en

t a
nd

 3
57

 s
m

ok
in

g 
at

 1
 y

ea
r)

 e
xc

ep
t f

or
 m

ea
su

re
 n

am
es

 f
ol

lo
w

ed
 b

y 
nu

m
er

ic
al

 s
up

er
sc

ri
pt

s.

1 n 
=

 5
17

 (
20

2 
ab

st
in

en
t a

nd
 3

15
 s

m
ok

in
g 

at
 1

 y
ea

r)
.

2 n 
=

 5
34

 (
21

5 
ab

st
in

en
t a

nd
 3

19
 s

m
ok

in
g 

at
 1

 y
ea

r)
.

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.


