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Abstract
Most clinical trials use 6 mo or 1 yr follow-ups as proxies for life-time smoking cessation.
Retrospective studies have estimated 2–15% of smokers relapse each year after the first 1 year of
abstinence, but these have methodological problems such as memory bias. We searched for
prospective studies of adult quitters that reported the number of participants abstinent at 1 yr follow-
up and who remained abstinent at ≥ 2 year follow-ups. We included studies that reported the percent
who remained lapse-free, did not continue treatment after 1 yr, and had ≤ 10% lost to follow-up. We
did not locate any population-based studies but did locate eight randomized, controlled trials, all
testing nicotine medications. After deleting one trial with outlier results, a meta-analysis estimated
the annual incidence of relapse after 1 yr to be 10%; however, the small sample sizes resulted in a
wide 95% confidence interval (5–17%) suggesting this estimate is not very accurate. We conclude
a non-significant amount of relapse occurs after 1 yr. Better quantification of this relapse rate is
important to improve estimates of lifelong abstinence and reductions in morbidity and mortality from
smoking cessation.
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1. Introduction
The goal of tobacco control policies and smoking cessation treatment among adult smokers is
to induce life-long abstinence (Burns, 2000; US Department of Health and Human Services,
1990). Most clinical trials and cohort studies use 6 mo or 1 yr follow-ups as proxy measures
to estimate life-long abstinence (Pierce & Gilpin, 2003). Few trials have examined abstinence
after 1 yr (Etter & Stapleton, 2006).

Whether 1 yr follow-ups are good proxies for lifelong abstinence depends on how much relapse
occurs after 1 yr. Relapse to smoking after a quit attempt is greatest in the first few weeks and
decreases rapidly over time (Hughes, Keely, & Naud, 2004). In retrospective data sets of non-
treatment samples, among those abstinent at 1 yr, 2–15% relapse each year thereafter (Gilpin,
Pierce, & Farkas, 1997; Hammond & Garfinkel, 1963; Hammond & Garfinkel, 1964; Kirscht,
Brock, & Hawthorne, 1987; US Dept Health and Human Services, 1990). The best
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retrospective estimate of relapse was from the population-based US National Health and
Nutrition Examination Study (NHANES) Follow-up Study done in 1982–1984 (Figure 1) (US
Dept Health and Human Services, 1990). The percent of 1 yr abstainers who relapsed in the
second and third years were 14% and 10% and this decreased to < 5% in the years thereafter.
Although the NHANES survey has the asset of using a large, representative sample, it was
collected over 20 yrs ago and was reported only in an appendix of the 1990 Surgeon General’s
Report. Perhaps more importantly, retrospective reports of abstinence are often invalid,
especially when they require recall of events occurring several years previously (Gilpin &
Pierce, 1994).

A few prospective studies have examined long-term follow-up. A recent review of 12 studies
of nicotine replacement (NRT) efficacy focused on whether efficacy (i.e. odds ratio) persisted
after 1 yr (Etter et al., 2006). Our analyses of data from Table 3 of that article indicates 31%
in the placebo group and 33% in the active group relapsed between the 1 yr follow-up and the
long-term follow-up; however, these rates are hard to interpret because the long-term follow-
up varied widely (from 3–8 yrs) and the data do not allow determination of the annual rate of
relapse. In addition, these estimates are likely inflated because the studies counted loss-to-
follow-ups as relapses and several studies had rates of loss-to-follow-up of > 20%.

2. Methods
We searched for prospective (i.e. cohort) studies of relapse after 1 yr; these could include
uncontrolled studies. We initially obtained possible studies via searching the Cochrane
Tobacco Addiction database (www.cochrane.org), the database used in the 2000 USPHS
Guideline (Fiore et al., 2000), and the first author’s collection of 16 other meta-analyses on
smoking cessation treatments. We also searched Pub Med by searching for “(nicotin* OR
tobacco OR smok*) AND (stop* OR quit* OR relaps* OR cessation) AND long” in the title
of clinical trials. A similar search substituted the phrase “1 OR 2 OR 3 … OR 15” for the phrase
“long”. These searches were limited to “clinical trials” in “humans”. Similar searches were
conducted with PsychInfo, EMBASE, SSCI, and the Center for Disease Control Tobacco
Information and Prevention Database. The author also asked those on the Society for Research
on Nicotine and Tobacco (SRNT) and College on Problems of Drug Dependence (CPDD) list-
serves and those who authored relevant abstracts at recent CPDD, SRNT, National/World
Congresses on Tobacco or Health, and Society for Behavioral Medicine meetings to send
publications on this topic. This search resulted in 99 articles read by the first author.

3. Inclusion Criteria
Given that we are interested in relapse, we required report of prolonged abstinence (i.e., not
point prevalence abstinence) both at the 1 yr and later follow-ups. When a study was unclear
or stated the number/percent abstinent “at” a follow-up, we assumed this was point-prevalent
abstinence. This requirement eliminated several large, population-based and semi-population
based studies such as the Community Intervention Trial for Smoking Cessation (COMMIT
Research Group, 1995). We also excluded studies whose treatment continued beyond 1 yr as
this could influence relapse rates. This eliminated the Lung Health Study (Anthonisen et al.,
1994) and the Multiple Risk Factor Intervention Trial (Hughes, Hymowitz, Ockene, Simon,
& Vogt, 1981), both of which were large trials with multiple post-1yr follow-ups. To increase
external validity, we excluded studies of “special populations”; e.g., of adolescents, pregnant
smokers, elderly smokers, minority smokers and non-cigarette tobacco users. We excluded
studies that had only 1.5 yr follow-ups because they would contribute little information.

Most studies assumed that those who could not be reached were smokers. In this scenario, high
relapse rates could be solely due to low contact rates. For example, one study reported that
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almost all the “relapse” was due to loss of follow-ups (Richmond & Kehoe, 2007). We chose
to exclude studies that had >10% lost-to-follow-up between contacts or that did not report the
number lost-to-follow-up. Some trials used survival analyses which assumes those missing are
not more likely to be smokers (Hosmer & Lemeshow, 1999). Given this is unlikely, (Hughes
et al., 2003; Hall et al., 2001) we excluded these studies.

4. Results
We did not locate any natural history studies or population-based studies. We did locate eight
prospective studies (reported via 12 articles) that met our inclusion criteria (Blondal, 1989;
Blondal, Franzon, & Westin, 1997; Blondal, Gudmundsson, Olafsdottir, Gustavsson, &
Westin, 1999; Clavel-Chapelon, Paoletti, & Benhamou, 1992; Clavel-Chapelon, Paoletti, &
Benhamou, 1997; Glavas, rumboldt, & Rumboldt, 2003; Mikkelsen, Tonnesen, & Norregaard,
1994; Stapleton, Sutherland, & Russell, 1998; Sutherland et al., 1992; Tonnesen, Norregaard,
& Sawe.U, 1992; Tonnesen et al., 1988; Tonnesen et al., 1992; Tonnesen, Norregaard,
Simonsen, & Sawe, 1991). All of these studies were included in the Etter and Stapleton review
(Etter et al., 2006); however, four of the trials in that earlier review were not included in our
review because they had high rates of lost-to-follow-up. The first and second authors and two
students read the articles and coded them for the variables in Table 1. The small amount of
disagreement (<10%) was settled by a discussion between the two raters.

All eight studies were randomized controlled trials (RCTs) of NRT that had follow-ups ranging
from 2–6 yrs post-quit date. The incidence of lost-to-follow-ups was essentially nil in seven
studies. All but one study (Blondal, 1989) clearly stated they “confirmed” self-report via carbon
monoxide levels. Only one study (Tonnesen et al., 1991) had more than one follow-up. The
eight studies reported on 20 groups; i.e., on 12 treatment groups and 8 placebo groups. The
sample sizes were small; the number of 1 yr quitters ranged from 4–33/study group and 31–
96/study. In six of the studies, few or none were using NRT at one year follow-up. In two
studies, almost half of participants were using NRT at the one-year; however, neither of these
studies allowed NRT use beyond 1 yr (Table 1). Since the results of these two trials did not
appear to differ from the other six, we included them. Studies varied on when the follow-up
occurred; thus, to compare relapse incidence across studies, we converted results to the
incidence of relapse/extra year after the 1 yr follow-up (nb--this comparison assumes relapse
incidence does not decrease with longer follow-ups-- an issue we address in the discussion).

Across both study groups and studies, the annual incidence of relapse was typically <20%
(Table 1). All but one of the studies reported relapse rates of <25%. One study (Tonnesen et
al., 1988) appeared to be an outlier as it reported the four highest relapse rates in the data set
(i.e. 25–50%). We attempted to collate the results by entering annual relapse rates for each of
the 20 study groups into a meta-analysis (Einarson, 1997). Several incidence rates were near
zero. To prevent these from having an inflated weight and bias the results, we used an arcsine
transformation. Nevertheless, the chi-square test for homogeneity suggested the results were
heterogeneous across study groups (p=.01) precluding an accurate meta-analytic estimate
(Einarson, 1997). We deleted the one outlier study (Tonnesen et al., 1988) and the results
remained heterogeneous. We thought some of the heterogeneity could be due to the small
sample sizes; thus, we increased the sample size by making the study, not the experimental
group, the unit of analysis. Since this required combining those who had previously been in
active and placebo groups, we tested whether the incidence of relapse after 1 yr differed in
these two treatments and it did not. The results across studies remained heterogeneous (p = .
01). Finally, we repeated this study-based meta-analysis and deleted the outlier study. Although
there remained some variability (see Figure 2), the results were statistically homogenous (p=.
11) with a relapse rate of 10%/yr; however, the 95% CI was wide (5–17%) suggesting little
accuracy.
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5. Discussion
Our major finding is the paucity of valid, generalizable, detailed estimates of the incidence of
relapse after 1 yr. The validity of most studies that report long term follow-ups is compromised
by their use of point prevalence outcomes, by high rates of lost-to-follow-ups, or by continued
treatment after 1 yr. We did locate eight long-term studies that avoided these problems and
report their results; however, the internal validity of these studies was limited by their small
number and sample sizes, and their external validity was limited by their use of treatment
seekers, which are a minority of smokers.

After deleting one study as an outlier, our meta-analysis estimated the incidence of relapse to
be 10%/yr. This estimate is similar to the 10–14% relapse incidence reported in the second and
third years of the NHANES survey (US Dept Health and Human Services, 1990) and to the 2–
15% rates reported in other large retrospective studies (Gilpin et al., 1997; Hammond et al.,
1963; Hammond et al., 1964; Kirscht et al., 1987; US Dept Health and Human Services,
1990). Although this 10% incidence of relapse may appear small, if it continues year after year,
then, for example, after 5 yrs, 41% of 1 yr quitters would have relapsed. Our included studies
did not have multiple follow-ups to test whether the incidence of relapse decreases over time.
In the previously mentioned NHANES study and in two other large studies that did not meet
our inclusion criteria (Anthonisen et al., 1994; Hughes et al., 1981; US Dept Health and Human
Services, 1990), the incidence of relapse appeared to be less in later years, which would
decrease concerns about the cumulative effect of late relapses. For the reasons listed above,
we believe our estimate of 10% annual relapse rates should be considered preliminary.

In summary, our study suggests (a) the annual rate of relapse after 1 yr is likely substantial,
especially when it cumulates over years, (b) annual relapse rates are likely to be near 10%, and
(c) future estimates need to report prolonged abstinence outcomes, and invest time and effort
to insure low rates of lost-to-follow-up. Improving the accuracy of the rate of post 1 yr relapse
is especially important to determine how adequate 6 mo or 1 yr abstinence rates are as proxies
for life-long abstinence. It is also important to improve calculations of the benefits of cessation
or treatment on morbidity and mortality reduction (US Department of Health and Human
Services, 1990). We would encourage those conducting either treatment or cohort studies to
continue to follow abstinent smokers after 1 yr, and to report these outcomes.
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Figure 1.
Retrospective reports of relapse after 1 yr of abstinence from the 1982–1984 US National
Health and Nutrition Examinations Study.
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Figure 2.
Prospective incidence of relapse after abstinence at 1 yr in trials that met inclusion criteria.
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