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Abstract
Aim To update conclusions of a previous review of smoking reduction on the extent to which (1)
smokers spontaneously reduce their smoking, (2) smokers who try to quit and fail return to smoking
less, (3) smokers can substantially reduce and maintain reductions via pharmacological and
behavioral treatments and (4) smokers compensate when they reduce.

Method Qualitative systematic review.

Data sources Systematic computer searches and other methods.

Study selection Published and unpublished studies of smokers not trying to stop smoking. We located
13–26 studies for each of the four aims.

Data extraction The first author entered data with confirmation by second author.

Data synthesis Due to the heterogeneity of methods and necessity of extensive recalculation, a meta-
analysis was not feasible.

Results Few daily smokers spontaneously reduce. Among those who try to stop smoking and relapse,
some return to reduced smoking but whether they maintain this reduction is unclear. Nicotine
replacement (and perhaps behavior therapies) can induce smokers not interested in quitting to make
significant reductions in their smoking and maintain these over time. Some compensatory smoking
occurs with reduction but significant declines in smoke exposure still occur.

Conclusions These results indicate that reduction is feasible when aided by treatment. Whether
reduction should be promoted will depend on the effect of reduction on health outcomes and future
cessation.
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INTRODUCTION
The current recommended method to reduce the risk of smoking in smokers is to promote
smoking cessation (US Department of Health and Human Services 1990). Efficacy trials
indicate population-based interventions can prompt and aid cessation (US Department of
Health and Human Services 2000); however, effectiveness is less than optimal (Susser 2002).
Efficacy trials also indicate that individually based treatments increase abstinence (Fiore et
al. 2000; West, McNeill & Raw 2000); however, again effectiveness is less than optional
(Piasecki & Baker 2001; Niaura & Abrams 2002). As a result, in most countries the majority
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of smokers never quit smoking (Boyle et al. 2000; Gajalakshmi et al. 2000). Even in countries
with the most effective cessation interventions—tobacco control policies and cessation aids—
less than 2% of smokers stop each year (Giovino 2002).

The above trends have increased interest in several non-cessation methods to reduce tobacco
harm (Shiffman et al. 2002). The present paper focuses on one such method, i.e. reducing
cigarettes/day (CPD). The utility of the other harm reduction methods has been reviewed
elsewhere (Slade & Henningfield 1998; Institute of Medicine 2001; Hatsukami et al. 2002;
Shiffman et al. 2002; Warner 2003).

Whether smokers can substantially reduce their CPD and maintain such reduction over time
has been debated. The essential feature of drug dependence (including nicotine dependence)
is impaired control over drug taking (World Health Organization 1992; American Psychiatric
Association 2000; Shadel et al. 2000). Because reducing smoking is a form of controlling drug
use, one could argue that, by definition, drug-dependent people should not be able to reduce
their smoking. On the other hand, many reviews conclude that reduced consumption is possible
for dependent users of non-nicotine drugs (Marlatt & Witkiewitz 2002).

This review updates information from a previous review by the first author (Hughes 2000).
Since that review, several reviews of reduced smoking have appeared (Kozlowski et al.
2001; Zellweger 2001; Fager-strom 2002; Jimenez-Ruiz et al. 2002; Tonnesen, in press).
However, these reviews were brief and did not include more recent reduction studies. We
believed that a more comprehensive and systematic update of the literature would be helpful.
The current review focuses on four outcomes: (1) whether smokers reduce their smoking
spontaneously; (2) whether smokers who try to quit and fail return to smoking less; (3) whether
smokers can substantially reduce and maintain reduction via pharmacological and behavioral
treatments; and (4) whether smokers compensate when they reduce. The previous review also
focused on whether reduction leads to more or less future abstinence and whether the risks of
smoking are decreased; these topics will be covered in a separate paper.

METHODS
Definition of reduced smoking

This paper uses a definition of reduced smoking confined to reducing the number of CPD. We
have not included reducing smoking topography (Glasgow, Murray & Lichtenstein 1989) or
cigarette length (McMorrow & Fox 1983) because no recent studies have examined these
interventions. We have not included reducing tar/nicotine yield because this topic has already
been reviewed (National Cancer Institute 2001). We have not included reducing CPD as a
method of cessation in smokers actively trying to quit—often termed ‘gradual
cessation’ (Cinciripini et al. 1995)—because most harm reduction strategies are focused on
those who are not actively trying to quit (Shiffman et al. 2002). Our analysis focuses on clinical
studies of adult daily smokers. We have not included short-term human laboratory studies
(Ho-Yen et al. 1982; Benowitz et al. 1986) or studies of adolescents (US Department of Health
and Human Services 1994; Wetter et al. 2004) pregnant smokers (US Department of Health
and Human Services 2001) or smokers with a current psychiatric disorder (Dalack & Meador-
Woodruff 1999; Weiner et al. 2001; George et al. 2002).

Data sources
We attempted to follow the Quality of Reporting of Meta-analyses (QUOROM) standards for
systematic reviews (Egger, Smith & Altman 2001; Moher et al. 1999). We began with a search
of the authors’ own files of articles collected since the last review. We searched Medline,
PsychAbstracts and EMBASE databases to December 2004. These databases do not have
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keywords that correspond well to the topic of smoking reduction, so we searched titles and
abstracts for the stems ‘harm reduc-’, ‘smoking reduc-’, ‘cigarette reduc-’, ‘reducing smok-’,
‘reduced smok-’, ‘reduced cig-’, ‘reduction in cig-’ and ‘reducing cig-.’ We used a similar
strategy to search the Computer Retrieval of Information on Scientific Projects (CRISP)
database of US National Institute of Health grants (www.crisp.cit.nih.gov) and sent a request
for publications to the principal investigators of the relevant grants. We examined abstracts of
the 2001–04 annual meetings of the Society for Research on Nicotine and Tobacco (SRNT)
(www.srnt.org) and the US National and World Conferences on Tobacco or Health
(www.nctoh2003.org and www.wctoh2003.org). We also queried the SRNT list-serve
(srnt_list@reesgroupinc.com) and relevant pharmaceutical companies for studies. When
articles from the above searches cited references that might be relevant, we sought these out.
The search ended in July 2004.

Study selection
The only generic inclusion criterion was that the study must have described an attempt at
reduction in CPD in adult (≥18 years old) smokers not actively trying to quit smoking. In
addition to published and in press articles, we included unpublished papers, abstracts, posters
and meeting presentations. Whenever the source was a poster, presentation or abstract, we
asked the authors for a full paper to obtain all the possible information about a study. This was
usually not successful. We included unpublished studies because most authors of quantitative
reviews recommend their inclusion to avoid publication bias (Cook et al. 1993). Many of the
studies we review were funded by pharmaceutical companies and publication bias among such
companies has been documented (Cook et al. 1993). As recommended by the QUOROM
standards for meta-analysis (Moher et al. 1999), we report results based on all available studies
and results based only on published studies separately. In the text, studies described are
published studies unless otherwise noted. In the tables, unpublished studies are collated
separately. References for unpublished studies are included in the Appendix.

So that we report cumulative experience, we included studies from the previous review. These
are indicated in italics in the tables (some of the names of the first authors and references for
these previous studies have changed since the previous review). In addition, in this review we
have located some studies missed by the first author in the previous review. We did not locate
any foreign language articles that met our inclusion criteria.

Data extraction
The information from the articles was abstracted by the first author and verified by the second
author. Discrepancies were reconciled with mutual agreement or, if necessary, further
clarification from the original author. A draft of the paper was sent to the 40 authors whose
studies were included in the main analyses (see Tables) to verify our citation or recalculation
of their outcomes. Twelve responded.

Data synthesis
We initially intended to use meta-analytical methods to answer our major questions. However,
in collating data for the meta-analysis we found that studies varied so widely in their methods
that we believed a typical fixed-effects meta-analysis was not indicated (Rosenthal 1995; Egger
et al. 2001). We could have conducted a random-effects meta-analysis (Rosenthal 1995) but
chose not to do so due to (1) the methodological heterogeneity of studies, (2) the necessary
extensive recalculation of data (see below) and (3) the purpose of our review was not to derive
a point estimate of effect sizes per se but rather to determine whether or not effects occurred.
As an alternative, we use a subjective rating of the consistency of the evidence across trials
and the overall magnitude of any consistent effects to form conclusions. To illustrate the
magnitude of any effects, we present the interquartile range (i.e. the 25th-75th percentiles). We
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do not report whether trials reported their results as statistically significant for two reasons.
First, several studies did not report statistical significance even when reductions were very
large (e.g. 50% or more). Secondly, many of the tests for statistical significance were not based
on intent-to-treat samples, which is the basis for the calculations in the present analysis.

For the large majority of the outcomes we had to calculate derived outcomes (e.g. subtract final
CPD from original CPD and represent as percentage). Data calculated by us are represented
in bold type in the text and tables. Many studies excluded those with missing data from analysis,
which is equivalent to assuming all missing data are equivalent to obtained data. Because many
of these studies reviewed were more intensive clinical studies, we and others (Hall et al.
2001) believe it likely that those who are missing data in clinical studies are less likely to have
been successful than those who provide data. Thus, when necessary, we recalculated outcomes
using an intent-to-treat principle and assumed missing persons had returned to baseline values.
Sometimes it was difficult to determine the intent-to-treat sample sizes from the text. As many
of the studies had high dropout rates, some of our recalculated values differ dramatically from
those cited in the article. We constructed tables only when there was a modicum of studies of
similar methodology; however, this does not mean that studies cited only in the text were less
important or less informative than those cited in the tables. For brevity, we have not cited
individual studies in the text when the studies being referred can be discerned by examining
the table. We distinguish among articles, studies and comparisons. A single study can produce
multiple comparisons (e.g. if it has multiple experimental groups or multiple outcomes) and
even multiple articles.

Outcome measures
Our major measures of reduction were percentage reduction in CPD from baseline smoking,
absolute number of cigarettes foregone, incidence of achieving a ≥50% reduction in CPD and
conversion to non-daily smoking. Which of these measures is optimal is debatable (Farkas
1999). One concern with percentage reduction outcomes is that to achieve a 50% reduction, a
smoker who begins with 30 CPD has to give up more CPD than a smoker who begins with 10
CPD. Although this might suggest that heavier smokers would have more difficulty achieving
a 50% reduction, epidemiological studies (reviewed below) found that heavier smokers were
slightly more likely to reduce, reduced more CPD and were more likely to reduce ≥50% (Farkas
1999; Hughes, Cummings & Hyland 1999; Godtfredsen et al. 2001; Falba et al. 2004; Hyland
et al. in press; Joseph et al. in press).

RESULTS
Aim 1: To what extent do smokers spontaneously reduce their smoking?

Introduction—Studies on spontaneous reduction can be divided into cross-sectional surveys,
prospective studies and studies of non-daily smoking. The first refers to epidemiological
surveys that could show a decline in CPD between serial independent surveys across points in
time. The second refers to cohort studies of a defined, population-based sample that could show
a decline in CPD in individual smokers over time. The third refers to studies that reported the
prevalence or incidence of switching from daily to non-daily smoking. The previous review
cited two studies on spontaneous quitting and we have located another 17 studies. All 19 of
these studies have been published.

Cross-sectional studies—US cross-sectional epidemiological data suggest that CPD
among continuing smokers increases with age until smokers are in their 40 s and then declines
(Burns, Major& Shanks 2003a). Most large, serial cross-sectional surveys (e.g. US National
Health Interview Survey, US California Tobacco Survey and the US Massachusetts state
survey) indicate that smokers are smoking fewer CPD than in the past (National Cancer
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Institute 2000; Gilpin& Pierce 2002). For example, CPD among continuing smokers decreased
by 20% from 1980 to 1998 in the National Health Interview Surveys (Burns et al. 2003a). On
the other hand, the US Current Population Survey did not find a reduction in CPD between
1992 and 1996 (Burns et al. 2003b). Among UK adult smokers (West et al. 2001), 29% of
smokers stated that they had cut down (amount unspecified) in the previous year, but not as an
attempt to quit.

Prospective studies—We located nine articles reporting on six prospective studies of
population-based samples that present their results in a manner such that they can be aggregated
(Table 1). Six articles were based on population-based, no-intervention, prospective studies
(Table 1). One article examined older US smokers (Falba et al. 2004); one examined smokers
in a US state that had a vigorous tobacco control program (Farkas 1999); three describe cohort
samples of Danish smokers (Godtfredsen et al. 2002a,b,2003) and one was on German smokers
(Meyer et al. 2003).

Three articles do not report on non-intervention studies, but on population-based samples in a
randomized controlled trial (RCT). Two of these articles reported on US/Canadian smokers in
a study that intervened not on individuals but on policy change, and had a very small effect on
smoking (Hughes et al. 1999; Hyland et al. in press). The third article reported outcomes in a
population-based no-treatment group in a minimal intervention smoking cessation trial
(Pisinger et al. 2005). All the above articles had large population-based samples with long-
term follow-ups. We did not include smokers who became abstinent as reduced smokers in
this analysis, because our question concerns only continuing smokers.

Among these studies, the mean decline in CPD among continuing smokers was small and
clinically insignificant (Table 1). In addition, few smokers decreased their smoking by ≥50%.

Studies of non-daily smoking—The results from the four studies of smokers switching
from daily to non-daily smoking could not be aggregated into a table as they had very different
timeframes, methods, reporting styles, etc. Among US smokers, about 10% of previous daily
smokers had converted to non-daily smokers by the time of the interview (Hassmiller et al.
2003). Among Swedish adult daily smokers, 6.5% had become ‘intermittent
smokers’ (undefined) a year later (Lindstrom & Isacsson 2002). Among Californian daily
smokers, over a 20-month period, 3.2% of smokers became non-daily smokers and 2.3%
became daily smokers of ≤5 CPD (Zhu et al. 2003). Among adult smokers in Minnesota work-
sites, 9% of daily smokers had became non-daily smokers over the previous 2 years (Hennrikus,
Jeffery & Lando 1996). Based on these surveys, we estimate that about 1–7% of daily smokers
convert to non-daily smoking over a 12-month span. Such conversions may be increasing, as
the US Behavioral Risk Factor Survey (Porter et al. 2003) and other US surveys are showing
a dramatic rise in non-daily smoking over time.

Discussion—In adult daily smokers who continue to smoke daily, CPD appears to decrease
very slightly over time. In addition, only a small minority of smokers report large reductions
in CPD (i.e. ≥50% reduction) or switch to non-daily smoking.

The existing data on spontaneous reduction leave several gaps. Importantly, none of the studies
documented exactly how long reductions at follow-up had been maintained. None reported
whether reductions were a reaction to tobacco control programs, events such as moving to a
job with smoking restrictions, increased taxes, becoming ill, etc. Also, the surveys did not
report whether reductions were (a) the ultimate goal, (b) in preparation for quitting or (c)
sequelae of a failed quit attempt. Finally, although only a small minority of daily smokers
reduce by ≥50% or switch to non-daily smoking (i.e. 1–10%), it should be remembered that
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only 2–4% of daily smokers quit each year (National Cancer Institute 2000); thus, it may be
that more daily smokers reduce by ≥50% or switch to non-daily smoking each year than quit.

Aim 2: To what extent do smokers who try to quit and fail return to smoking less?
Introduction—Over 80% of quit attempts fail (Hughes, Keely & Naud 2004a), even with the
best of treatment (Fiore et al. 2000). Those who fail may return to a lower number of CPD
because they believe reduced smoking is less harmful, or that it will be easier to quit on their
next quit attempt or because they have lost some of their nicotine tolerance (Perkins 2002) and
thus require a lower dose of nicotine. Although we present several studies on reduction in
cessation failures, the Discussion section outlines why we believe this set of studies is perhaps
biased.

Studies of treatment failures—To be included in this analysis, a study had to recruit
smokers who were attempting to stop smoking and had to mention in the title or abstract that
the CPD in continuing smokers was reported. Overall, the previous review reported six studies
and we located another seven studies. Nine of the 13 studies are published.

Among the 10 trials located whose data could be aggregated (Table 2), four of the trials tested
a behavioral therapy (Lichtenstein & Rodrigues 1977;Lando & McGovern 1982;Glasgow et
al. 1989;Becona & Garcia 1993) and six a medication (Fornai et al. 1996;Hughes et al.
1981;Norregaard et al. 1992;Hurt et al. 2003;Jolicoeur et al. 2003;Hughes et al. 2004b). All
but one (Jolicoeur et al. 2003) were RCTs.

All but one of the studies in Table 2 reported post-failure reduction aggregated across active
and control groups. The one exception found no difference in reduction between bupropion
and placebo groups when retreated after cessation failure (Hurt et al. 2003). On the other hand,
two unpublished studies, which did not report data in a manner that could be included in Table
2, both found more reduction in the bupropion than placebo group among treatment failures
(Gonzales, Durcan& Johnston 2004;Wileyto, Heitjan & Lerman 2004).

The percentage reduction was small in two studies (range = 4–9%) and substantial in the other
eight studies (14–41%; Table 2). The one unpublished study (Fornai et al. 1996) appeared to
find results similar to the published studies. The only study to report the incidence of large
reduction found 30% reduced CPD by ≥50% (Hughes et al. 2004b). Importantly, in all four
studies that reported on maintenance of reduction, the amount of reduction became smaller
(i.e. participants trended back to base rates) as time post-relapse increased (Hughes et al.
1981;Becona & Garcia 1993;Hurt et al. 2003;Hughes et al. 2004b). One other study reported
that treatment failures who returned to a lower rate of CPD did not maintain this reduction;
however, this study did not report baseline smoking. Thus, it is unclear if lower rate smokers
post-failure had always smoked less or had reduced (Hill et al. 1988).

Discussion—These results indicate that smokers who fail to quit return to lower CPD but
that this reduction dissipates over time. However, this conclusion should be considered
tentative, because our list of studies is incomplete and because our results may overestimate
the amount of reduction. The list is incomplete because our anecdotal observation is that some
cessation studies report on CPD among failed quitters in the text but do not mention this in
their title or abstract, and thus we would not detect such studies. In addition, as reporting CPD
in treatment failures is treated as optional, reduction in treatment failures is probably more
likely to be reported than non-reduction.
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Aim 3: To what extent can smokers substantially reduce and maintain reductions via
pharmacological and behavioral treatments?

Introduction—At any given time, >80% of smokers are not seriously planning on quitting
in the next 30 days (Wewers et al. 2003). Although motivational interventions for such smokers
appear useful (Spencer et al. 2002; Riemsma et al. 2003), many researchers have examined
reduction as a goal for such smokers either in the hope of reducing their risks from smoking
or of prompting later cessation. The previous review located seven such studies and we located
another 19 studies. Twenty-one of the 26 studies are published.

Nicotine replacement therapy (NRT) trials—We located 19 trials that tested NRT for
reduction in smokers not currently trying to quit whose data could be aggregated (Table 3)
(Rennard et al. 1990,1994;Fager-strom et al. 1997;Bolliger et al. 2000;Hurt et al.
2000;Fagerstrom, Hughes & Callas 2002;Jimenez-Ruiz et al. 2002;Kralikova, Kozak &
Rasmussen 2002;Rennard et al. 2002;Stein et al. 2002;Carpenter, Hughes & Keely
2003;Haustein et al. 2003;Landfeldt et al. 2003;Wennike et al. 2003;Carpenter et al.
2004;Etter, Laszlo & Perneger 2004;Hecht et al. 2004;Joseph et al. 2004;Kotlyar et al.
2004). None of the trials stated that those in the reduction group were instructed not to quit and
many trials stated explicitly that those in the reduction group were encouraged to quit at any
point during reduction.

One trial compared NRT for reduction versus cessation in smokers unwilling to quit but was
not included because it reported only aggregate data for both outcomes (Pisinger et al. 2005).
Several studies have examined the ability of less-risky cigarettes to reduce smoking in smokers
not trying to quit. Although these products could be considered a NRT, we did not include
studies of these products because their outcomes have been reviewed in previous articles and
books (Institute of Medicine 2001).

Six trials examined nicotine gum alone, five examined inhaler alone and eight allowed
participants to choose which NRT to use. None examined nicotine lozenge, microtab or patch.
Most studies (11) allowed participants to use the medication for 6 months or longer. The
presence or content of any adjunctive psychosocial treatment was not described in most (15)
studies. Thirteen of the studies were parallel-group RCTs. Comparison groups received placebo
in eight studies, no treatment in three studies and cessation advice or usual care in three studies.
Six trials were not parallel-group RCTs but rather within-subjects comparisons of treatment
versus baseline smoking.

Most trials were large (12 had n = 90) and most (15) had follow-ups of 6 months or longer. In
six trials, the last follow-up was at the end of medication treatment; in seven it was 1–6 months
after treatment ended, in four it was 12–20 months after treatment ended and in two it was
unclear. In our analyses of these studies, we included abstainers (i.e. counted them as 100%
reducers) because most trials only reported results in this manner and we could not recalculate
outcomes excluding abstainers.

Fourteen NRT trials reported the mean reduction in CPD in each group. The percentage
reduction with the intervention at longest follow-up was small (6% or two CPD) in one
condition, moderate (18–45% or 8–10 CPD) in nine conditions and large (53–75% or 14–32
CPD) in four conditions (Table 4).

Seven of the studies that reported mean reduction were RCTs of NRTs. For these studies, we
calculated a relative risk ratio of the percentage reduction in the active group divided by the
percentage reduction in the no-treatment or placebo control group. Across the nine active NRT
versus placebo comparisons this ratio was always greater than 1.0, i.e. active NRT always
produced more reduction than placebo. The magnitude of the ratio was negligible (1.1) in two
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comparisons, small (1.3–1.6) in four comparisons and large (>2.5) in three comparisons. For
the other five studies that were not RCTs but within-subjects studies, the CPD with NRT
treatment was always less than baseline smoking.

Eleven NRT studies reported the incidence of achieving a reduction in CPD of ≥50% in each
group. In the 13 active treatment conditions, the incidence of large reductions was small (range
= 6–13%) in six conditions and was moderate (27–50%) in the other seven conditions. Eight
of these were RCTs. Either the authors or ourselves calculated an odds ratio (OR) of achieving
≥50% reduction for the active versus control conditions. The OR favoring NRT was always
greater than 1.0 and was moderate (1.4–1.6) in three comparisons and large (3.1–13.9) in five
comparisons. One other NRT study presented results in a format different from Table 4. This
study reported that 70% of the 27 smokers given either nicotine or placebo gum reduced by
≥30% over a 2-month period (Rennard et al. 1992). The amount of reduction and the increase
with NRT did not appear to differ between (a) published versus unpublished studies, (b)
participants who could have been using NRT at the follow-up versus not, (c) types of NRT or
(d) smokers who were assigned to a particular type of NRT versus were allowed to choose the
type of NRT. However, within one study, participants had greater reduction when allowed to
choose their NRT than when randomly assigned a NRT (Fagerstrom et al. 1997).

In terms of maintenance of effects, most of the studies that reported the incidence of large
reduction used a criterion that the reductions must be observed at all interim follow-ups over
long periods of time (6–24 months) (Bolliger et al. 2000; Kralikova et al. 2002; Rennard et
al. 2002; Haustein et al. 2003; Landfeldt et al. 2003; Wennike et al. 2003). To illustrate the
degree to which reducers can maintain reductions, we plotted the percentage of smokers who
maintained a ≥50% reduction in CPD at 3–4-, 6- and 12-month follow-ups in the two studies
that reported such data (Bolliger et al. 2000; Wennike et al. 2003) (Fig. 1). For simplicity we
plotted only those in the NRT group. In both studies, these smokers had access to NRT for the
entire period. For comparison, we used data from a recent meta-analysis (Fagerstrom 2003)
and plotted the percentage of smokers trying to quit who maintained abstinence at the same
follow-ups. Again, we used only those in the NRT group. The prevalence of maintenance of
abstinence was similar to that for reduction in one study and slightly greater than that for the
other study. Although such cross-study comparisons can be misleading, it appears the ability
to maintain large reductions in CPD is roughly similar to the ability to maintain abstinence.

Two studies compared a reduction intervention to an active cessation-advice treatment group
(cessation advice) in smokers who were not currently interested in quitting (Carpenter et al.
2003,2004). In both studies the reduction group reduced slightly, but not significantly, more
than the cessation advice group (Carpenter et al. 2003,2004). A third study, not included in the
tables, also compared reduction with cessation advice in asthmatic smokers (Tonnesen et al.
2005). However, in this study some of the smokers wished to reduce and some wished to quit.
Although not directly comparable to the other studies, we included this study for completeness.
In this mixed population, 30% in the reduction group reduced (from 20 to 7 cigarettes/day) at
4-month follow-up versus 38% in the cessation advice group (significance not stated).

Bupropion—Only one study has examined bupropion for reduction in smokers not trying to
quit and used a somewhat different design from the NRT studies (Hatsukami et al. 2004). In
this large (n = 594) RCT of bupropion versus placebo, smokers who decided to quit during the
study entered a second protocol and this second protocol had different follow-up times from
the main protocol. Among those who did not try to quit, the mean percentage reduction over
the first 3 months was about 20% in both the bupro-pion and placebo groups. The incidence
of large (≥50%) reduction was about 18% in both groups at 3-month follow-up. At 1-year
follow-up, only the incidence of large reduction among continuing smokers was reported and
this was 8% in the bupropion group and 12% in the placebo group (P = NS).
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Psychosocial interventions—The previous review examined three studies that tested
formal behavioral interventions for reduced smoking in smokers not trying to quit. The current
review adds two more. Among these five studies, four are published. Two of the trials were
conducted in the 1980s and the other three were after 2000 (Table 5). All had sample sizes of
≤60/group. None of the five were RCTs; all used within-subject designs. All five tested
behavioral therapies. Most focused on either eliminating certain cigarettes or increasing the
interval between cigarettes. Two used computer-aided reduction and two used very brief
interventions. One trial also used a medication in both of the psychosocial groups being
compared, but the medication use in this trial was minimal (Riggs, Hughes & Pillitteri 2001).
Three trials had follow-ups of ≥6 months.

All five studies reported mean reduction in CPD. The difference between baseline and
treatment conditions was small to moderate (range = 13–35%, four to 12 CPD) in the two early
studies and was moderate (range = 21–45%, six to 12 CPD) in the five conditions of the three
more recent studies (Table 6). The two studies with long-term follow-up found that reductions
were well maintained over 12–30 months (Glasgow et al. 1985;Riley et al. 2002). Five
conditions reported the incidence of large (≥50%) reductions. One condition found a small
incidence (16%), two found moderate incidences (30%) and two found large incidences (50–
58%).

Because none of the studies included a control group per se, RR or OR for active versus control
conditions could not be calculated; however, all five studies found fewer CPD with intervention
than at baseline. The single unpublished study appeared to find results similar to the published
studies.

Discussion—Across the NRT studies, NRT always produced more reduction than placebo
or no-treatment control groups. This occurred across type of NRT, unpublished versus
published studies, study design, duration of follow-up and type of control condition. Thus, we
conclude NRT consistently helps smokers not trying to quit to make reductions in CPD. This
conclusion is similar to those of previous reviews (Zellweger 2001; Jimenez-Ruiz et al.
2002; Warner 2003; Tonnesen, in press).

One limitation of the current NRT data set is that several of the studies (seven of 19) were
available only in an unpublished format, which limited our ability to critique their quality.
However, results based only on published studies were similar to those based on all studies.
Another limitation is that few of the medication trials described the extent of instructions or
adjunct psychosocial treatment; thus, the feasibility of these approaches for medical practices
is unclear. Also, none of the trials have tested nicotine lozenge, microtab or patch per se as a
treatment.

Our estimate of the magnitude of reduction with NRT is probably a significant underestimate
because many studies had a large loss-to-follow-up and we assumed that all dropouts had
returned to baseline smoking rates. Even so, the magnitude of reduction found in most of these
studies and the fact that most reduction was maintained for periods of 6 months or longer
suggests that reduction with NRT is a robust phenomenon.

The single study of a non-nicotine medication—bupropion—reported no greater reduction with
bupro-pion than placebo. In addition, even though bupropion is given for 1–2 weeks prior to
cessation, we could not locate empirical data on whether such pretreatment reduces CPD prior
to the quit date.

In the behavioral treatment studies, although the magnitude of effects was substantial, the
studies were few in number and had small sample sizes (n ≤ 60). None included a control group
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followed over time. As a result, although the data are promising, the efficacy of psycho-social
treatments cannot be concluded definitively. Thus, true RCTs of psychosocial treatments are
needed. Whether behavioral treatments would be more effective if a background of medication
were present or vice versa has not been tested; thus, factorial studies of adding psychosocial
therapies to medications or vice versa are also indicated.

Aim 4: To what extent do smokers compensate when they reduce?
Introduction—Compensation (i.e. regulation or titration) refers to increases in smoking
behavior when smokers face reduced nicotine intake (Scherer 1999) and is due to an attempt
to maintain nicotine levels. For example, when smokers reduce their CPD, they take more and
bigger puffs, block vent holes, etc. (National Cancer Institute 2001). One way to test for
compensation is to determine whether reductions in measures of smoke exposure are less than
reductions in CPD.

Our compensation analysis focuses only on the medication and behavioral intervention studies,
because none of the population-based studies reported on compensation and the studies of
relapsers reported compensation results that varied widely. For example, among the relapser
studies, the early Multiple Risk Factor Intervention Trial (MRFIT) analysis of CPD showed
almost complete compensation (Hughes et al. 1981), whereas two later studies of relapsers
suggested no compensation whatsoever (Glasgow et al. 1989; Hughes et al. 2004b). In contrast,
the studies of pharmacotherapy and behavioral interventions for reduction in smokers not trying
to quit reported more homogeneous outcomes and will be the focus of this section. The previous
review reported six studies examining compensation and this review adds another nine studies.
Twelve of the 15 studies are published.

The available markers of smoke intake that can be used for compensation analyses are carbon
monoxide (CO), cotinine and thiocyanate, each of which has problems (SRNT Subcommittee
on Biochemical Verification 2002). The major problem with CO is that it has a short half-life
and thus samples only recent smoking, and can be influenced by a recent bout of smoking.
Cotinine has a longer half-life but is influenced by NRT. Thiocyanate also has a longer half-
life but is less sensitive and specific than cotinine or CO. Markers of cancer and cardiovascular
disease are not feasible because their relationship to smoke intake is either weak or has not
been determined fully (Hatsukami et al. 2003). Among the 15 studies, 14 reported CO levels
and one reported cotinine.

Medication intervention studies—We found nine studies of NRT and one of bupropion
exposure marker data (Table 7). To examine compensation, we first report the percentage
reduction in marker. Then we calculate ‘percentage compensation’ by comparing the
percentage reduction in the marker versus the percentage reduction in CPD using the formula:

% compensation = (1 − % reduction in marker ∕ % reduction in CDP) × 100

With this index, if one fully compensated (i.e. no reduction in the marker) the percentage
compensation would be 100%, and if one did not compensate at all (i.e. percentage reduction
in CPD = percentage reduction in the marker), it would be 0%. For this analysis we excluded
abstainers because as they are not smoking, they cannot be compensating.

Among the 10 NRT conditions that examined smoke exposure, the reduction in the marker
was small (range = 4–15%) in three conditions and was moderate (20–46%) in seven conditions
(Table 7). The percentage compensation in the 10 NRT conditions was large (47–64%) in three
conditions and moderate (17–39%) in the remaining seven conditions. Overall, the reduction
in CO was about a third less than the reduction in CPD (Table 7). One might expect
compensation to be less when smokers receive NRT and data from one published study suggest
this finding; i.e. 7% for NRT versus 39% for placebo (Wennike et al. 2003), but data from
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another unpublished study indicate similar compensation with NRT and placebo (Rennard et
al. 1994).

The single study of bupropion (Hatsukami et al. 2004) reported cotinine rather than CO levels.
Although the reduction in CPD was similar in bupropion and placebo groups, the reduction in
cotinine was 14% in the bupro-pion group versus 4% in the placebo group. As a result,
compensation appeared to be less in the bupropion group (36%) than in the placebo group
(80%).

Behavioral intervention studies—Among the five behavioral intervention studies, three
measured CO and two measured cotinine. In terms of compensation, in the first study (Glasgow
et al. 1983) the reduction in CO was actually greater than the reduction in CPD, resulting in
0% compensation. This may be because this study also taught smokers to smoke less intensely,
to change to lower CO yield cigarettes, etc. or the small (n = 9) sample size (Table 7). In the
other six psychosocial conditions, compensation was homogeneous with reductions in CO or
cotinine of about half that expected from reductions in CPD.

To determine whether those who reduced more had more compensation, we computed
correlation coefficients between amount of reduction and amount of compensation across NRT
and behavioral treatment studies. We omitted one study as an outlier because it found greater
reductions in CO than CPD (Glasgow et al. 1983). The percentage reduction in CPD was not
correlated significantly with percentage compensation; thus, greater reductions in CPD did not
result in more compensation.

Discussion—These results based on medication and behavioral treatment studies indicate
that compensation does occur; thus, relying on CPD to estimate exact reduction in smoke
exposure is problematic. On the other hand, compensation is far from complete, such that
substantial reductions in tobacco smoke exposure still occur. For example, compensation was
almost always <50% of the reduction in CPD. The compensation results were fairly consistent
across trials. One of the anticipated advantages of using NRT is that NRT should abate
compensation. Surprisingly, only two studies allowed a direct test of this and they produced
inconsistent results. Thus, more direct tests of this notion are indicated.

Readers need to be aware of three possible biases in our compensation results. First, even in
studies on research wards with tight experimental control, the correlation of CO (the most
common marker) versus CPD is<0.50 (Hatsukami et al. 2003), indicating that CO is a less-
than-perfect marker of smoke intake (SRNT Subcommittee on Biochemical Verification
2002). Secondly, as mentioned earlier, several of the studies had a large loss to follow-up and,
thus, our intent-to-treat recalculations dramatically reduced their estimates of the amount of
reduction in smoke exposure. This would suggest that our estimates of exposure reduction may
be underestimates and our estimates of compensation overestimates. Thirdly, although we have
presented a ratio of decrease in marker to decrease in CPD as a measure of compensation, if a
participant exaggerated his/her reduction in CPD, then this would inflate the difference in
reduction in CPD versus reduction in CO percentage, suggesting more compensation than
actually occurred.

CONCLUSIONS
Overall, the results of new studies strengthened the conclusions of the previous review that
smoking reduction is feasible when aided by treatment. Specifically, the review suggests that
(1) little spontaneous reduction occurs, (2) among those who try to stop smoking and relapse,
some return to fewer CPD but whether they maintain this reduction is unclear, (3) smokers in
treatment programs make significant reductions in their smoking and maintain these over time
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and (4) some compensatory smoking occurs with reduction but significant declines in carbon
monoxide exposure still occur. In addition, the new studies reviewed show more clearly that
(5) nicotine replacement (and perhaps psychosocial treatments) are active treatments that aid
in smoking reduction. Whether smoking reduction decreases the harm from smoking or
increases or decreases future quitting will be covered in a separate paper.
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Figure 1.
Percentage of smokers in two studies of smokers not trying to reduce on nicotine replacement
who maintained ≥50% reduction in cigarettes/day over time (solid lines, solid circles) versus
percentage of smokers trying to quit on nicotine replacement who maintained abstinence over
time taken from a recent meta-analysis (dotted lines, open circles) (see text for references)
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Table 1
Studies of spontaneous smoking reduction.a

Study Sample Longest
follow-up
(years)

% (CPD)
reduced

b
% Achieved
≥50%
reduction

b

Non-intervention studies
 Falba et al. 2004 2064 51–61-year-old US

smokers
2 5% (1) 5%

 Farkas 1999 1682 ≥ 18-year-old CA smokers 1 9% (2) 11%
 Godtfredsen et al. 2002a,b,2003 19 423 ≥ 20-year-old Danish

smokers
c 16

d
10%

e

 Meyer et al. 2003b 836 ≥ 18-year-old German
smokers

0.6 1% (1)

Minimal intervention studies
 Hughes et al. 1999 1584≥18-year-old US/

Canadian smokers in COMMIT
2 5%(1) 7%

 Hyland et al. in press 3385 ≥ 18-year-old US/
Canadian smokers in COMMIT

5 10%

 Pisinger et al. 2005 1276 ≥ 30-year-old Danish
smokers

1 0% (0) 2%

25th-75th percentile 1276–3385 1–5 1–5% (1–1) 5–10

a
CA = California, USA; COMMIT = Community Intervention Trial; CPD = cigarettes per day, bold type = from our calculations; italics = studies in

previous review; see text for other studies.

b
Does not include abstainers.

c
Varied from 19 423 to 19 732 across analyses.

d
Varied from 13.8 to 15.5 years across analyses.

e
Varied from 10 to 11% across analyses.
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Table 2
Studies of cessation treatment failures.a

Study Sample size Longest follow-up
(months)

% (CPD) reduced

Behavior therapy
 Becona & Garcia 1993 47 12 37% (7)
 Glasgow et al. 1989 53 6 22% (5)
 Lando & McGovern 1982 100 36 18% (6)
 Lichtenstein & Rodrigues 1977

b 117 24–72
b

41%
b

Nicotine replacement therapy
 Fornai et al. 1996

c 242 40 14% (3)
 Hughes et al. 1981 2449 48 16% (6)
 Hughes et al. 2004b

d 1722 12 28% (9)
 Hurt et al. 2003 397 8 9% (3)
 Jolicoeur et al. 2003 173 6 17% (8)
 Norregaard et al. 1992 259 12 4% (2)
25th-75th percentile 100–397 12–40 14–28% (3–7)

a
CPD = cigarettes per day; bold type = from our calculations; italics = studies in previous review; see text for other studies.

b
Combines outcome across four trials; CPD not calculable.

c
Unpublished study.

d
Updated analysis of study cited in previous review.

Addiction. Author manuscript; available in PMC 2006 March 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hughes and Carpenter Page 21

Table 3
Methods of studies of nicotine replacement to help smokers not trying to quit to reduce.a

Study Study
design

Intent-to-tx
sample size

Duration of tx
(months)

Control condition Longest
lollow-up
(months)

Published studies
 Nicotine gum
  Jimenez-Ruiz et al. 2002

b PP 17 6 Within-Ss 18
  Rennard et al. 1990 PP 15 2 Within-Ss 2
  Wennike et al. 2003 RCT 411 12 Placebo 24
 Nicotine inhaler
  Bolliger et al. 2000 RCT 400 18 Placebo 24
  Fagerstrom et al. 2002

c PP 39 2 Within-Ss 2
  Hurt et al. 2000 PP 23 6 Within-Ss 6
  Stein et al. 2002 RCT 51 ? No tx 3
 Choice of NRTs
  Carpenter et al. 2003 RCT 67 1 Cessation advice 6
  Carpenter et al .2004 RCT 616 1.5 No tx 5

Cessation advice 6
  Etter et al. 2004 RCT 923 6 Placebo

No tx 26
  Fagerstrom et al. 1997

d PP 170 1 Within-Ss 1

  Hecht et al. 2004
e PP 49 6 Within-Ss 6

25th-75th percentile for published
studies

39–411 1.5–6.0 3–18

Unpublished studies
 Nicotine gum
  Haustein et al 2003

f RCT 192 9 Placebo 12
  Landfelt et al 2003 RCT 364 12 Placebo 13
  Rennard et al. 1994 RCT 90 ? Placebo 6
 Nicotine inhaler
  Rennard et al. 2002 RCT 429 12 Placebo 15
 Choice of NRTs
  Joseph et al. 2005 RCT 152 18 Usual care 6
  Kotlyar et al. 2004 RCT 151 3 Within-Ss 6
  Kralikova et al. 2002

g RCT 314 6 Placebo 12
25th-75th percentile for all studies 50–406 2–12 6–14

a
NRTs = nicotine replacement therapies, PP = pre- versus post-treatment comparison, RCT = randomized controlled trial, Ss = subjects, Tx = treatment;

bold type = from our calculations; italics = studies in previous review; see text for other studies.

b
Examined self-selected groups.

c
Randomized to choice of versus assignment to different NRTs.

d
Only used waiting list group which later received NRT.

e
Intent of participants unclear.

f
Only used long-term induction group.

g
Smokers given choice of quitting or reducing.
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Table 4
Results of studies of nicotine replacement to help smokers not trying to quit to reduce.a

% (CPD) reduced
b

% Achieved ≥ 50% reduction
b

Study Active Control RR Active Control OR
c

Published studies
 Nicotine gum
  Jimenez-Ruiz et al. 2002 23% (10) 29%
  Rennard et al. 1990 63%(32)
  Wennike et al. 2003 18% (4) 13% (3) 1.5 6% 1% 13.9
 Nicotine inhaler
  Bolliger et al. 2000 10% 3% 3.4
  Fagerstrom et al. 2002 66% (14) +9% (+2) Large

d

  Hurt et al. 2000 25% (10) 13%
  Stein et al. 2002 75% (27) 4% (2) 18.8
 Choice of NRTs
  Carpenter et al. 2003 34% (8)
  Carpenter et al. 2004 43% (10) 17% (4) 2.5 39% 15% 3.6
  Etter et al. 2004 33% (10) 26% (8) 1.3 31% 22% 1.6

25%(8) 1.3 24% 1.4
  Fagerstrom et al. 1997 45% (10) 50%
  Hecht et al. 2004

e 32% (8)
25th-75th percentile for published
studies

25–63% 4–25% (2–8) 1.3–18.8 12–35% 3–22% 1.6–3.6

Unpublished studies
 Nicotine gum
  Haustein et al. 2003 6% 0% 13.0
  Landfelt et al. 2003 6% (2) 8% 3% 3.1
  Rennard et al. 1994a 53%(23) 49%(21) 1.1

56%(25) 49%(21) 1.1
 Nicotine inhaler
Rennard et al. 2002 8% 2% 4.6
 Multiple NRTs
  Joseph et al. 2005 39% (11) 25% (7) 1.6
  Kotlyar et al. 2004 27%

e

  Kralikova et al. 2002 36% 27% 1.5
25th-75th percentile for all studies 25–56% (8–

23)
13–26% (3–

8)
1.3–2.5 8–27% 2–22% 1.6–4.6

a
BUP = bupropion, CA = cessation advice, CPD = cigarettes/day, NRT = nicotine replacement therapy, NT = no treatment, PL = placebo, PREP = potential

reduced exposure product, OR = odds ratio, RR = reduction ratio (see text); bold type = from our calculations; italics = studies in previous review; see
text for other studies.

b
Includes abstainers.

c
OR underlined controlled for other factors.

d
Control group increased CPD; thus, RR not calculable.

e
40% reduction.
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Table 5
Methods of psychosocial interventions to help smokers not trying to quit to reduce.a

Study Intent-to-tx
sample size

Study
design

Tx Total tx time
(min)/duration
(wks)

Longest follow-
up (months)

Published studies
 Early studies
  Glasgow et al. 1983 9 MBL MM/HR, SR 350/8 6
  Glasgow et al. 1985 60 PP

b MM/HR, SR 250/5 30
 Recent studies
  Riggs et al. 2001 20 PP HR 40/2 1

20 SR 40/2
  Riley et al. 2002 44 RT CASR 20/7 12

49 CAHR 20/7
Unpublished recent study
  Brue 2002 47 PP CASR ?/4 1
25th-75th percentile for all studies 20–49 1–12

a
CA=computer-aided, HR= hierarchical reduction of eliminating easiest cigarettes to reduce, MBL= multiple baseline within-subjects comparison, Min

= minutes, MM = multiple methods (change nicotine yield, topography, cigarette length), Mo = months, PP = pre-versus post-comparison, RT = randomized
trial of two active treatments, SR = scheduled reduction based on increasing interval between cigarettes, Tx = treatment, Wks = weeks, WSCT = within-
subjects crossover trial; bold type = from our calculations; italics = studies in previous review.

b
Actually a randomized trial but did not report long-term outcome for control group.
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Table 6
Results of psychosocial interventions to help smokers reduce.a

Study % (CPD) reduced
b

% Achieved ≥ 50% reduction
b

Published studies
 Early studies
  Glasgow et al. 1983 13% (4)

35% (12)
 Recent studies
  Riggs et al. 2001 38% (10) 30%

45% (12) 50%
  Riley et al. 2002 23% (6) 30%

21% (6) 16%
Unpublished recent study
  Brue 2002 41% (10) 58%
25th-75th percentile for all studies 21–41% (6–12) 30–50%

a
CPD = cigarettes per day; bold type = from our calculations; italics = studies in previous review.

b
Includes abstainers.
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Table 7
Exposure marker results of interventions to help smokers reduce.a

% (CO in ppm) reduction in marker Compensation

Study Active Control Active Control

Published studies
 Nicotine gum
  Jimenez-Ruiz et al. 2002 14% (4) 39%
  Rennard et al. 1990 44% (21) 30%
  Wennike et al. 2003 15% (4) 8% (2) 17% 39%
 Inhaler
  Fagerstrom et al. 2002 46% (13) 30%
  Hurt et al. 2000 10% (3) 59%
 Choice of NRTs
  Carpenter et al. 2003 29% (8) 15%
  Fagerstrom et al. 1997 29% (7) 36%
 Bupropion
  Hatsukami et al. 2004

b 18% 2% 36% 80%
 Psychosocial Tx
  Glasgow et al. 1983 26% (14) 0%
  Glasgow et al. 1985 19% (8) 46%
  Riggs et al. 2001 19% (8) 50%

19% (8) 58%
  Riley et al. 2002

b 10% (2) 57%
10% (2) 52%

25th – 75th percentile for published studies 14–29% (4–8) 2.8% (2–2) 30–52% 39–80%
Unpublished studies
 Nicotine gum
  Landfelt et al. 2003 4% (1) 33%
  Rennard et al. 1994a 28% (12) 25% (9) 47% 49%

20% (4) 25% (9) 64% 49%
  Brue 2002

b 20% (6) 50%
25th-75th percentile for all studies 14–28% (4–8) 5–25% (2–9) 30–52% 44–65%

a
CO = carbon monoxide, NRTs = nicotine replacement therapies; ppm = parts per million. Tx = treatment, bold type = from our calculations; italics =

studies in review; see text for other studies.

b
Used cotinine instead of carbon monoxide as marker.
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