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Abstract

Introduction: Reducing cigarettes per day (CPD) aided by medication increases quit attempts (QA)
among smokers not trying to quit. If this is due to reducing CPD per se, then a greater reduction
should predict making a QA.

Aims and Methods: In this secondary analysis, 132 smokers completed nightly calls to report CPD,
intention to quit tomorrow, and QAs over 12 weeks. We provided no treatment. We identified episodes
of reduction and tested whether (1) percent reduction in CPD, (2) absolute reduction in CPD, (3) dura-
tion of reduction, or (4) CPD on the final day predicted a QA immediately after a reduction episode.
We tested this separately among reduction episodes that began with and without an intention to quit.
Results: Among the 1179 episodes that began without intention to quit, all four measures of reduc-
tion predicted making a QA. Greater percent reduction, longer duration, and fewer CPD on the final
day were retained in a multivariate model (all p < .05). Among the 85 episodes that began with
intention to quit, greater percent reduction and greater absolute reduction predicted making a QA.
Only mean percent reduction was retained in a multivariate model (p < .001).

Conclusions: Our results replicate and extend earlier studies by using fine-grained analyses and
examining immediately proximal QAs in a sample of self-quitters. Findings suggest that reducing
CPD per se increases the probability of a QA among smokers without intention to quit in a dose-
related manner. Whether this is the case among smokers who intend to quit remains unclear.
Implications: Reducing CPD appears to be an effective strategy to increase the probability of mak-
ing a QA for the majority of smokers who do not intend to quit in the near future. However, our
findings are mixed regarding the effectiveness of reducing among smokers who intend to quit.
Clinical interventions and policies that promote reducing CPD are likely to be an effective way to
increase QAs. Reduction may be especially helpful for smokers who have not responded to tradi-
tional advice to stop abruptly.

Introduction study using a true prospective design found that making multiple
QAs predicted future abstinence.? Furthermore, making an attempt

Increasing quit attempts (QA) appears to be one strategy to decrease to quit is a necessary prerequisite to cessation.

the prevalence of smoking.! Though retrospective studies found that Reducing cigarettes per day (CPD) is common* and, when aided

a greater number of past QAs do not predict abstinence,? our recent by nicotine replacement therapy’® or other medications,*® is one way
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to increase QAs among smokers who do not intend to quit now.
However, reduction may not increase quitting among those already
motivated to quit now.” Specifically, reducing CPD appears to delay
quitting!® and is less effective than quitting abruptly!* when smokers
already intend to quit. In contrast, reduction among smokers who do
not intend to quit increases self-efficacy, intention to quit,'> and ces-
sation.’ The effectiveness of medication-aided reduction in prior tri-
als could be due to the reduction in CPD, precessation medication, or
both. For example, precessation nicotine replacement therapy with-
out instruction to reduce CPD increases quitting among smokers not
trying to quit now in many, but not all studies."*"S Also, whether
reducing CPD without nicotine replacement therapy increases QAs
is unclear. Two recent trials found a brief reduction intervention
without medication increased QAs'® and abstinence!®!” more than
no treatment. However, two others found that reduction did not
increase QAs'® or abstinence!®!” more than a usual care intervention.

If reducing CPD per se is a mechanism responsible for increased
quitting, then a dose-response relationship between the amount of
reduction and quitting should occur. Our prior review of 11 studies
found that a greater magnitude of reduction in CPD was associated
with greater probability of cessation.?” Most of these studies tested
whether percent or absolute magnitude of change in CPD over a
period of 2 weeks to 6 years predicted quitting 6 weeks to 9 years
later. Unfortunately, most of these studies examined abstinence only,
and thus, it is unclear if reduction increased the likelihood of mak-
ing a QA or success of a QA. More importantly, the studies could
not describe proximal relationships, that is, if reduction increased
the probability of making a QA soon thereafter. This would be a
stronger case for causality than if reduction was associated with
quitting at a more distant follow-up.

The current secondary analysis of one of our prior natural his-
tory studies adds to the existing literature in four ways. First, the
study’s fine-grained data collection (ie, nightly reports of reduc-
tion and intentions to quit) allowed within-subject comparisons of
changes in smoking as proximal predictors of quitting. Second, the
study examined reduction separately among episodes that began
with and without an intention to quit. Third, while prior studies
only tested either percent or absolute reduction in CPD,? the current
study examined four different measures of reduction in CPD: per-
cent magnitude, absolute magnitude, duration, and CPD on the final
day of a reduction episode. Fourth, our analysis specifically focused
on whether reduction per se increased QAs because this is the most
likely way reduction increases later abstinence.

Methods

This is a secondary analysis of longitudinal data collected to study
the natural history of smoking. A full description of the methodol-
ogy and main findings are reported elsewhere.* Briefly, we recruited
adults who smoked at least 10 CPD and planned to quit at some
point in the next 12 weeks. Participants answered questions about
their smoking nightly for 12 weeks. We did not provide any treat-
ment. The University of Vermont Committee on the Use of Human
Participants approved the study, and we registered the study at
www.clinicaltrials.gov (NCT00995644).

This secondary analysis tested whether, within a given partici-
pant, an episode with (1) greater absolute reduction in CPD, (2)
greater percent reduction in CPD, (3) greater duration of reduction
in CPD, or (4) fewer CPD on the final day of reduction prospectively
predicted a greater probability of making a QA on the day after

the reduction episode. We tested this separately among episodes that
began with and without an intention to quit because prior studies
suggest reduction interventions are effective among those who do
not intend to quit® but may not be effective among those who do
intend to quit.” Furthermore, reduction in CPD may occur for dif-
ferent reasons among smokers who do intend to quit versus who do
not intend to quit now (ie, due to a failed QA vs. due to the cost of
cigarettes). Importantly, our analysis tested whether, within a given
participant, episodes of greater reduction in CPD predicted a greater
probability of a QA than episodes with less reduction in CPD.

Recruitment

Major inclusion criteria were: 18 years of age or older, smoked at
least 10 CPD for at least 1 year, intended to probably or definitely
quit sometime in the next 3 months, and had a minimum of 7 days
of regular smoking (see definition in Analysis). Of the 152 smokers
recruited, we retained 132 for this secondary analysis.

Assessment

Participants completed questions about smoking via an interactive
voice response system nightly for 12 weeks. The interactive voice
response has many of the assets of computer-assisted telephone
interviewing; for example, automatic skips, branching options, pro-
hibition of illogical responses and outliers, standardized questioning,
and direct data entry. The interactive voice response’s major assets
are the increased confidentiality, the ability to prompt participants
to call, and the ability of participants to determine when to call.
Participants were asked the number of cigarettes they smoked and
whether they planned to smoke tomorrow. We asked about plans to
smoke tomorrow rather than plans to quit tomorrow because par-
ticipants told us that asking about intentions to stop repeatedly (on
84 occasions) made them feel under pressure to try to quit. Days
when participants planned to smoke were considered days with no
intention to quit. Days when participants did not plan to smoke were
considered days with intention to quit. If participants did not smoke
any cigarettes on a given day, they were asked whether this was an
attempt to stop smoking. To detect short QAs, at the end of each
week, participants were also asked whether and when they made any
QAs that lasted less than 1 day.

We did not use biochemical verification of abstinence because the
Society for Research on Nicotine and Tobacco (SRNT) states that
verification is usually not necessary when no treatment is provided
and face-to-face contact is minimal.?!

Analysis

To determine a mean CPD from which to calculate the amount of
reduction, we calculated mean CPD on “regular smoking” days, that
is, days in which participants reported no intentions to reduce or
quit and were not within 1 week after a period of abstinence. We
defined reduction episodes as a single day or consecutive days of at
least 10% reduction in CPD. Most participants were not actively
trying to quit or change their CPD, and thus, we decided to include
small (ie, 10%) daily fluctuations in CPD that would have been
missed with common cutoffs (ie, 50%) to increase the chances of
detecting an effect. Sensitivity analyses where reduction episodes
were defined as at least 50% were underpowered due to a small
number of episodes of reduction at least 50%. However, analyses
with episodes defined as at least 25% resulted in findings similar to
the results when reduction was defined as at least 10%. We defined a
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QA as any day that the participant reported trying to quit, whether
or not it lasted a full day.?

We used logistic regressions to examine four predictors of the
likelihood of making a QA: mean absolute reduction in CPD during
an episode, mean percent reduction in CPD during an episode, dura-
tion of a reduction episode, and CPD on the final day of an episode.
We defined CPD on the final day of an episode as the CPD on the
day prior to returning to at least 90% of the participant’s mean base-
line CPD or to making a QA. We tested these predictors separately
among reduction episodes that began on the day that participants
had reported they intended to continue smoking (ie, no intention to
quit) or stop smoking (ie, intention to quit). To make results com-
parable with prior studies,™'"172%2* we examined episodes when
participants intended to quit or not to quit separately. Our outcome
was whether a QA of any length was initiated on the day following a
reduction episode. We did not examine whether reduction increased
the duration of abstinence because only 27 QAs lasted at least 24
hours (ie, 2% of episodes ended in a QA that lasted >24 hours).

The distributions of the reduction variables were nonlinear,
skewed, and had influential outliers. Usual transformations did not
solve these issues. For three of the variables, data were winsorized
at the point where the plots plateaued. In the case of CPD on the
final day of reduction, the values were categorized based on their

Table 1. Participant Characteristics

Included Average US
participants daily smoker
Sample size 132 —
Mean (SD) age 45 (13) 442
% women 70% 45%*
% minorities 21% 29%:*
Mean (SD) baseline CPD 20 (10) 16°
Mean (SD) FTCD 5.4(22) 4.5¢

CPD = cigarettes per day; FTCD = Fagerstrom Test for Cigarette Dependence.?
*Cha et al.?

"Hughes and Callas.?

‘Fagerstrom and Furberg.>*

frequencies. We checked for possible interactions among the re-
duction variables by starting with a model including all predictors
and all two-way interactions and simplifying through backward
selection. There were a smaller number of reduction episodes with
intention to quit; thus, only one interaction was tested at a time.
The software SAS v 9.4 (SAS Institute, Cary, NC) was used for all
analyses.

Results

Participants

Participants in this analysis were mostly middle aged, female, and
Caucasian. At intake, participants reported smoking approximately
20 CPD and were moderately dependent (Table 1). Examples of
transitions between reduction with and without intention to quit,
QAs, and abstinence among a subset of light and heavy smokers are
displayed in Figure 1.

Reduction Episodes With No Intention to Quit

One hundred and thirty-one participants contributed 1179 reduc-
tion episodes that began without intention to quit. Participants
contributed a median of nine reduction episodes, and 11% of epi-
sodes were followed by a QA. The median absolute reduction was
3.4 CPD (lower quartile = 2.3 CPD; upper quartile = 4.9 CPD), the
median percent reduction in CPD was 21% (lower quartile = 15%;
upper quartile = 30%), the median duration was 1 day (lower quar-
tile = 1 day; upper quartile = 3 days), and the median CPD on the
final day of reduction was 12 (lower quartile = 8 CPD; upper quar-
tile = 16 CPD). Absolute reduction in CPD and percent reduction
were highly positively correlated (7 = 0.67, p <.001). All other reduc-
tion variables had small to medium correlations (see Supplementary
Document A, Table 1).

On days following participants’ report that they intended to
continue smoking tomorrow (ie, no intention to quit), there was a
greater probability of making a QA following reduction episodes
than days of no reduction (7.9% vs. 2.9%; F = 47.2, p < .001).
Greater absolute reduction in CPD, greater percent reduction, longer
durations of reduction, and fewer CPD on the final day of an episode

Light smokers (8 to 12 CPD)

||
g B g

g g
g1 B

Heavy smokers (CPD > 25)

Figure 1. Examples of transitions across reduction in cigarettes per day, intention to quit, quit attempts, and abstinence for eight light and eight heavy smoking participants.
Participants were selected at random from subsets representing the distribution of reduction episodes in CPD and quit attempts. Rows represent individual participants.
Columns represent days. = days of 10%-24% reduction; [ = days of 25%-49% reduction; ll = days of at least 50% reduction; ! = reduction when participants intended to

quit;_= quit attempts; | . days of abstinence. CPD = cigarettes per day.
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were univariate predictors of making a QA on the day following
reduction episodes that began without intention to quit (Figure 2).
When all four predictors were included in a multivariate model,
percent reduction, duration of reduction, and CPD on the final day
of an episode remained significant (Table 2). We tested all possible
interactions among the four predictors, and none were significant.
The probabilities displayed in Figures 1 and 2 are for a QA occur-
ring on a single day (ie, the day following a reduction episode) and
thus appear small. The effect sizes would probably appear larger if
we examined the cumulative effect over multiple weeks or months.

Reduction Episodes With Intention to Quit

Forty-one participants contributed 85 reduction episodes that began
with intention to quit. Participants contributed a median of two
reduction episodes, and 47% of episodes were followed by a QA.
The median absolute reduction was 4.5 CPD (lower quartile = 2.8
CPD; upper quartile = 6.6 CPD), the median percent reduction in
CPD was 36% (lower quartile = 25%; upper quartile = 30%), the
median duration was 2 days (lower quartile = 1 day; upper quar-
tile = 3 days), and the median CPD on the final day of reduction was
7 (lower quartile = 5 CPD; upper quartile = 12 CPD). Mean abso-
lute reduction in CPD and mean percent reduction were highly posi-
tively correlated (r = 0.63, p < .001). All other reduction variables
had small to medium correlations (see Supplementary Document A,
Table 2).

On days following participants’ report that they did not intend
to smoke tomorrow (ie, intention to quit), there was a greater prob-
ability of making a QA following reduction episodes than days of
no reduction (46.3% vs. 8.5%; F = 27.2, p < .001). Greater abso-
lute reduction in CPD and greater percent reduction were univari-
ate predictors of making a QA on the day following a reduction
episode that began with intention to quit (Figure 3). When all four

predictors were entered into a multivariate model, only percent re-
duction was retained and remained a significant predictor of making
a QA (Table 2). We tested all possible interactions among the four
predictors, and none were significant.

Moderators of Reduction Episodes

Post hoc analyses tested interactions between intention to quit
and absolute reduction in CPD, percent reduction, duration of re-
duction, and CPD on the final day of a reduction episode when
all episodes were included in the same model. None were signifi-
cant. We also examined the following variables as moderators of
the effect of reduction episodes that began without intention to
quit and with intention to quit: (1) whether or not participants
used a smoking cessation medication (eg, nicotine replacement
therapy) during the study, (2) whether participants smoked regular,
light, or ultralight cigarettes, (3) participants’ opinion on whether
adults should smoke cigarettes, (4) perceived community norms,
(5) whether smoking is allowed in the participant’s home, (6) per-
ceived importance of making a commitment to quit smoking,? (7)
confidence in their ability to quit smoking,?* (8) whether the reduc-
tion in CPD was intentional or unintentional, (9) whether they set a
quit date in the next 3 months, (10) whether they had reduced CPD
as a part of prior QAs, (11) whether they had reduced CPD not
as a part of prior QAs, and (12) score on the Fagerstrom Test for
Cigarette Dependence.?® There was only one statistically significant
interaction: Among episodes without an intention to quit, greater
mean percent reduction increased the probability of a QA more
among episodes from participants who sometimes allowed smok-
ing in the home than among reduction episodes from those who
either always or never allowed smoking in the home (F = 4.8, p <
.01; see Supplementary Document B, Figure 1). This finding was
not readily interpretable and was not replicated in other measures

1 . . 1
A. Greater absolute reduction in CPD B. Greater percent reduction predicts
08 predicts making a QA (p<.001) o8 making a QA (p<.001)
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Figure 2. Reduction episodes without the intention to quit predict making a QA on the day after an episode in a dose-related manner. CPD = cigarettes per day;

QA = quit attempt.
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Table 2. Reduction Episodes as Predictors of a QA Occurring on the Day After an Episode

Episodes with no intention to quit

Episodes with intention to quit

Univariate

*Multivariate

Univariate "Multivariate

Fstatistic  “OR (95% CI)  F statistic

OR (95% CI)

Fstatistic  “OR (95% CI)  Fstatistic ~ “OR (95% CI)

Absolute reduction 27.5%%% 3(1.2-1.4) — — 4.2% 1.3 (1.0-1.7) — —
Percent reduction 0(1.7-2.4) 20.1° 1.6 (1.3-2.0) 15.1%%* 3.5(1.8-6.8) 15.1%%* 3.5 (1.8-6.8)
Duration of reduction 3 (1.2— 1 4) 20.4% 1.2 (1.1-1.3) 3.61 1.3 (1.0-1.8) — —
CPD on final day 7 (4.3-18.9) 2.7*% 6.67 (1.5-29.4) 0.7 2.7 (0.6-12.3) — —

OR = odds ratio; CI = confidence interval; CPD = cigarettes per day; QA = quit attempt.

aUsing backward selection, mean percent reduction in CPD, duration of reduction episode, and CPD on the final day of an episode were retained in the final

multivariate model.

bUsing backward selection, only mean percent reduction in CPD was retained in the final model.
°ORs should be interpreted with caution because the unit is different for each reduction measure: absolute reduction unit = 1 CPD, percent reduction unit = 10%
change in CPD; duration of reduction unit = 1 day of reduction, CPD on final day unit = 1-5 CPD versus 21-48 CPD.

= .06; *p <.05; **p < .01; ***p < .001.
. . 1 . .
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Figure 3. Reduction episodes with the intention to quit as a predictor of making a QA on the day after an episode. CPD = cigarettes per day; ns = nonsignificant;

QA = quit attempt.

of reduction nor among episodes when participants intended to
quit. We conducted 96 moderator analyses, and thus, it is possible
that this finding is the result of a Type I error.

Discussion

Findings from this fine-grained secondary analysis indicate that
greater reduction in CPD predicts making a QA. Reduction was
assessed separately among episodes that began the day after par-
ticipants reported that they either intended to smoke tomorrow
(ie, no intention to quit) or did not intend to smoke tomorrow (ie,

intention to quit). This decision was made to be consistent with
prior literature. 11172324 In episodes without intention to quit,
greater reduction predicted a greater probability of a QA in all four
tests of reduction in a dose-related manner and three of these pre-
dictors remained significant in a multivariate model. In episodes
with intention to quit, two of the four measures predicted making
a QA in a dose-related manner (and there was a similar trend in
the other two measures) and one measure remained significant in a
multivariate model.

Our findings indicate that reducing CPD per se could be partly
responsible for increased quitting in prior trials of medication-aided
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reduction. Though mechanisms were not measured, reducing CPD
could be effective because it increases intention to quit by increasing
smokers’ exposure to the beneficial effects of not smoking (eg, less
cost or less stigma). Reduction could also increase self-efficacy to
quit by providing opportunities for smokers to experience their own
control over smoking cigarettes. Reducing CPD could decrease de-
pendence by reducing the smoker’s nicotine level and by disrupting
conditioned nicotine effects via increasing instances of not smoking
in the presence of cues to smoke. Finally, the fact that use of smoking
cessation medication did not moderate reduction’s influence on QAs
suggests that reduction per se could be an effective component of
prior medication-aided reduction interventions.

Smokers in this study self-selected whether, when, and how much
to reduce CPD. Reduction in CPD without intention to quit could
have occurred to decrease the harm from continued smoking, to
prepare to quit later, or in response to increased taxation, tobacco
control policies, or social norms (ie, stigma). Reduction with inten-
tion to quit could have occurred because participants changed their
mind about quitting. Also, reduction with intent to quit could have
been due to failed QAs that were not reported as such on study
questionnaires.

Assets and Limitations
One asset is that this study used prospective and fine-grained meas-
urements of smoking to make within-subject comparisons of reduc-
tion in CPD as a very proximal predictor of making a QA. Thus, our
analysis was asking whether episodes of greater reduction in CPD
within the same participant predict a greater probability of a QA
than episodes of less reduction. Most prior reduction studies made
between-subject comparisons and measured the effects of reduc-
tion at a distant follow-up.?’ These studies could not determine the
duration or proximity of reduction in CPD to the follow-up assess-
ment. More importantly, our finding that greater reduction increases
the probability of a QA immediately following a reduction episode
makes a stronger case for causality than showing reduction is associ-
ated with quitting at a follow-up several months later. Prior studies
also did not discriminate between reduction’s effects on increasing
the likelihood versus success of a QA. This study focused on the
former as we thought this a more likely effect of reduction. Finally,
the daily assessment in our study is important because longer-term
retrospective recall of smoking is poor.?7-3°

One limitation of our study is that completing nightly surveys
may have artificially increased the reduction in CPD or QAs via re-
activity.’! The fact that smokers self-selected if, when, and how much
to reduce CPD is another limitation discussed earlier. Our study did
not collect data on exactly when or how much cessation medication
was used. We did not assess when QAs occurred within a given day
and thus could not determine whether QAs occurred before a partic-
ipant’s first cigarette or later in the day. We assessed intention to quit
by asking participants whether they planned to smoke tomorrow to
minimize experimenter demand that may have occurred by repeat-
edly asking about plans to quit. However, plans to not smoke may
differ from plans to quit. Thus, our findings may not be comparable
with studies that assess intention to quit with different wording. We
used percentage to define episodes of reduction in CPD because this
is commonly used in the literature and incorporates baseline CPD.
However, our decision to use percentage to define reduction episodes
may have contributed to the fact that percent reduction had a larger
effect on QAs than other measures (Table 2). Our lack of signifi-
cant findings among moderator analyses and reduction episodes

when participants did not intend to smoke (ie, intention to quit) may
have been due to the relatively small sample size and insufficient
power to detect an effect. Importantly, all QAs were self-reported,
and thus, the distinction between QAs lasting less than 1 day versus
a day of reduced smoking was subject to participants’ interpret-
ation. However, a prior study using this dataset found that report-
ing a QA (including those lasting <1 day) predicted making more
and longer QAs.*> We included four predictors in our main analyses,
which increase the probability of false-positive findings. Finally, due
to the small number of longer QAs, the study could not report on
the effect of reduction on prolonged abstinence. While evidence is
mixed regarding the extent to which increasing the number of QAs
predicts cessation,? a prior analysis of the dataset used for this art-
icle suggested that duration of abstinence increased with a greater
number of QAs.?

Conclusion

This secondary analysis tested four measures of reduction in CPD
and found that greater reduction in CPD when smokers do not in-
tend to quit increases the probability of making a QA. Findings were
mixed regarding smokers who intend to quit. A randomized con-
trolled trial of reduction to prompt QAs is necessary to determine
the extent to which our findings are due to reducing CPD per se
or participants’ choice to reduce. Nonetheless, this study and oth-
ers!>161720 gugoest that clinical interventions and policies that pro-
mote reducing CPD are likely to be an effective way to increase QAs
among the majority of smokers who do not intend to quit in the near
future. Reduction may be especially helpful for smokers who have
not responded to traditional advice to stop abruptly.

Supplementary Material

Supplementary data are available at Nicotine & Tobacco Research
online.
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