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abstraCt

introduction: The Heaviness of Smoking Index (HSI) is the measure of dependence most strongly predictive of relapse. 
However, recent research suggests it may not be predictive of longer-term relapse. Our aim was to examine its predictive power 
over the first 2 years after quitting and explore whether use of stop-smoking medications is a moderator.

Methods: Data (n  =  7,093) came from the first 7 waves (2002–2009) of the International Tobacco Control Four-Country 
Survey, an annual cohort survey of smokers in Canada, the United States, the United Kingdom, and Australia. HSI and its 2 
components (cigarettes per day [CPD] and time to first cigarette [TTFC]) were used to predict smoking relapse risk in the 2 years 
after the start of a quit attempt.

results: Scores on HSI and its components all strongly predicted relapse, but there was an interaction with time (p < .001). 
These measures were strong predictors of relapse within the first week of quitting (hazard ratios [HR] = 1.17, 1.24, and 1.30 
for HSI, CPD, and TTFC, respectively; all p < .001), less predictive of relapse occurring between 1 week and 1 month, and not 
clearly predictive beyond 1 month. Among those using medication to quit, hazard ratio for HSI (HR = 1.11, p < .001) was sig-
nificantly lower than for those not using (HR = 1.24, p < .001) in the first week but not beyond.

Conclusions: HSI and its 2 components are strong predictors of short-term smoking relapse, but they rapidly lose predictive 
power over the first weeks of an attempt, becoming marginally significant at around 1 month and not clearly predictive beyond 
then.

intrOduCtiOn

Addictions are characterized by high rates of relapse, with 
relapse still common even after prolonged periods of absti-
nence. For nicotine addiction, at least to cigarettes, the meas-
ure of dependence most strongly associated with reduced 
likelihood of quitting success is the Heaviness of Smoking 
Index (HSI; Borland, Yong, O’Connor, Hyland, & Thompson, 
2010; Hyland et  al., 2006). This measure, first developed by 
Heatherton, Kozlowski, Frecker, Rickert, and Robinson (1989), 
consists of two items, cigarettes per day (CPD) and time to first 
cigarette (TTFC), a subset taken from the six-item Fagerström 
Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, 
Frecker, & Fagerström, 1991). The HSI is most commonly 
scored using four-level categorizations of each measure but can 
be scored to give a functionally equivalent continuous meas-
ure (Borland et al., 2010). The HSI has been shown to predict 

cessation outcomes (Courvoisier & Etter, 2010; de Leon et al., 
2003; Kozlowski, Porter, Orleans, Pope, & Heatherton, 1994), 
including two International Tobacco Control Four-Country 
(ITC-4) studies (Borland et al., 2010; Hyland et al., 2006). Of 
the two component measures of the HSI (i.e., CPD and TTFC), 
some studies (e.g., Baker et  al., 2007) have found TTFC to 
account for most of the observed effect, but others (Borland 
et  al. 2010) have shown both to contribute independently. 
However, Herd, Borland, and Hyland (2009) failed to find any 
predictive power of HSI measured in the previous wave when 
examining relapse among those quit in the subsequent survey 
wave (typically about a year later). Herd et al. (2009) argued 
that the disparity between their findings and those of other 
studies may have to do with the different time intervals for pre-
diction of relapse as their study had relatively few who had quit 
very recently, suggesting that HSI may only predict relapse in 
the early days of a quit attempt. This hypothesis is supported 

Advance Access publication October 24, 2013

nicotine & tobacco research, volume 16, number 4 (april 2014) 423–429

423

mailto:hua.yong@cancervic.org.au?subject=


Hsi in the prediction of smoking relapse

by the finding of Zhou et al. (2009) of a significant interaction 
between baseline FTND scores and relapse using an Internet 
panel sample recruited from multiple countries and followed 
up every 3 months. Specifically, Zhou et al. (2009) found that 
higher baseline FTND scores were associated with higher like-
lihood of relapse in the first 3 months, but not in the second 
3  months after cessation. These observations raise important 
questions as to what these indices are measuring and of the 
possibility that the determinants of longer term maintenance 
are fundamentally different from those for the short term. The 
use of cessation medication is known to reduce short-term 
relapse (Cahill, Stevens, Perera, & Lancaster, 2013), so one 
would expect that the effect of measures of dependence on 
relapse would be attenuated among users, at least during the 
period of use.

The study aims were to examine, among a sample of daily 
smokers who had made a quit attempt, (a) the relationship 
between their HSI scores recorded at the wave before the target 
quit attempt and relapse risk over a 2-year period, predicting 
an interaction, such that the predictive power was expected to 
be greater in the early stages of the attempt; (b) the predictive 
utility of the component measures (CPD and TTFC) compared 
with the combined HSI scale; and (c) whether use of stop-
smoking medications moderated the predictive relationship 
between HSI and relapse.

MetHOds

Data Source and Sample

Data come from the first seven waves of the ITC-4 survey 
conducted in the United States, United Kingdom, Canada, 
and Australia. The ITC-4 is a longitudinal cohort study of 
adult smokers in each of the four countries. The ITC cohort 
was constructed with probability sampling methods (random-
digit dialing methods from list-assisted phone numbers) from 
the population of each country within strata defined by geo-
graphic region and community size. It was, therefore, designed 
to be broadly representative of its respective populations. The 
cohort was followed up yearly, and a replenishment sample 
was obtained at each subsequent wave to replace those lost 
due to attrition, using the same sampling protocol as in Wave 
1. The broad aim of the ITC-4 was to evaluate the psychosocial 
and behavioral impact of tobacco control policies on smokers. 
A full description of the ITC conceptual framework and meth-
odology can be found elsewhere (Fong et al., 2006; Thompson 
et al., 2006).

Respondents were recruited into the study as smokers who 
met the following criteria: aged 18+ years, had smoked at least 
100 cigarettes in their lifetime, and smoked at least once in 
the past 30 days. Participants who subsequently quit smoking 
were retained in the study. To be eligible for the study, respond-
ents had to be a daily smoker at a baseline wave (Wave T), to 
have provided valid HSI data at this wave, to have made a quit 
attempt lasting at least 1 day by the next survey wave (Wave 
T+1), and to have provided outcome data on that attempt either 
at that wave, or for those still quit at subsequent waves, up until 
2  years after the target attempt. Based on the data available 
across the seven waves (n = 20,417), we derived a study sample 
of 7,093 who met our inclusion criteria. Table 1 presents the 
characteristics of the sample.

Measures

Nicotine Dependence
This was assessed by the two questions from the HSI, CPD 
(coded: 0, 0–10 CPD; 1, 11–20 CPD; 2, 21–30 CPD; 3, 31+ 
CPD) and TTFC after waking in minutes (coded: 0, 61+ min; 
1, 31–60 min; 2, 6–30 min; 3, 5 min or less; and the composite, 
0–6; Heatherton et al., 1989).

Outcome Variable
Time to relapse was the main outcome. At each follow-up, 
respondents were asked their smoking status. If quit, they 
were coded as having made a quit attempt since the last survey 
and were asked how long ago they quit. If smoking, they were 
asked whether they had tried to quit since the previous wave, 
and if so, they were asked the duration of the quit attempt. For 
those who made multiple attempts since the previous wave, 
they were asked the duration of their most recent attempt. For 
those who were quit at two or more successive waves, their 
quit duration was computed by adding on the exact interwave 
interval, plus any reported durations within interwave inter-
vals, up to 2 years. The quit length information was then used 
to derive time to relapse in days for each individual. Relapse 
was defined as any quit attempt that ended in failure (i.e., 
resumed smoking) identified at a given follow-up assess-
ment. Data were censored for those whose quit attempt lasted 
beyond 2 years and at the last confirmed point of abstinence if 
quit attempt lasted less than 2 years for those who had dropped 
out of the study.

table 1. Sample Characteristics

Smokers (n = 7,093)

Age at recruitment in years (%)
 18–24 9.8
 25–39 29.6
 40–54 35.8
 55+ 24.8
Sex: male (%) 42.4
Education levels (%)
 Low 50.1
 Medium 33.1
 High 16.8
Household income (%)
 Low 27.9
 Medium 33.9
 High 32.1
 No information 6.1
Country (%)
 Canada 25.6
 United States 21.1
 United Kingdom 25.4
 Australia 27.9
Stop-smoking medications (%)
 Reported using any for quit attempts 40.6
Cohort/year of recruitment (%)
 Wave 1 (2002) 54.2
 Wave 2 (2003) 9.2
 Wave 3 (2004) 13.5
 Wave 4 (2005/2006) 9.6
 Wave 5 (2006/2007) 7.4
 Wave 6 (2007/2008) 6.1
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Other Variables
Data were also collected on a range of sociodemographic vari-
ables, including age (18–24, 25–39, 40–54, and 55+ years), 
sex, annual household income, highest level of education, and 
country of residence. Household income and highest level 
of education attained were not based on equivalent systems 
across the four countries, and hence, as per our previous study 
(Hyland et al., 2006), they were equated across the four coun-
tries by coding them into low, medium, and high. Income has 
an additional category of “no information” to capture those 
who did not provide or refused to provide data on income so 
that this subgroup can be included in multivariate analysis. At 
each follow-up, respondents who had made a quit attempt since 
the previous wave were asked about whether they used any 
stop-smoking medication for their last/current quit attempts.

Statistical Analyses

We used survival analyses to model the association between 
HSI and its two components (CPD and TTFC) and time 
to relapse. Our modeling strategy used a fully parametric 
approach, parameterized as a proportional hazard model. We 
modeled the underlying distribution of time using the Weibull 
distribution. We fitted separate models for CPD, TTFC, and 
HSI. Because our hypothesis was that the effect of HSI and 
its components was not constant over time (time-varying 
coefficient), we fitted interactions between time and the HSI 
predictor. To this end, we expanded our data set into intervals 
(1–7 days, 8–14 days, 15–30 days, 31–90 days, 91–180 days, 
181–270 days, 271–420 days, and 421–730 days) and allowed 
an interaction between each of these intervals and time, where 
the intervals were entered as indicator variables and time was 
entered as a continuous variable. All models controlled for 
potential confounders: sociodemographics, any use of stop-
smoking medications, country, survey year, and year recruited 
into the study. In a separate model, we also tested for the pos-
sible interaction effect between HSI and medication use to 
determine the extent to which the effect of HSI on relapse was 
moderated by medication use.

For the purpose of sensitivity analysis, we repeated the 
above analyses using a modified version of the categorical 
CPD (recoded as 0: 0–9 CPD, 1: 10–15 CPD, 2:16–20 CPD, 
3: 21+ CPD) to yield a better distribution of scores because of 
the small number in the 31+ CPD category (see Supplementary 
Table  1 for distribution comparison). This version was then 
combined with TTFC to compute the scores for a modified 
version of the HSI.

Hazard ratios are reported as an index of the strength of the 
association between independent variables and time to relapse. 
The hazard ratio is defined as the multiplicative change in the 
hazard rate (i.e., the rate of relapse at time T, conditional upon 
maintenance of abstinence to time T) that occurs when the pre-
dictor variable changes by one unit. We report the time-varying 
coefficients as hazard ratios over the eight intervals of interest. 
They are interpreted as the effect of a 1 unit change in, for 
example, HSI over the interval of interest on the risk of relapse.

All analyses were conducted in Stata 12.1 using the special-
ist commands manipulating and analyzing survival data (e.g., 
stset, stsplit, streg) and also using clustered sandwich estima-
tors to account for any within-subjects clustering due to indi-
viduals providing data for more than one quit attempt during 
the study period.

results

The analysis showed an overall significant relationship between 
the main measure (HSI) and its both components (CPD and 
TTFC), and relapse, with higher scores associated with shorter 
latency to relapse. As expected, there was a significant interac-
tion on relapse risk between all three dependence measures and 
time (all p < .001). Figure 1 shows that the predictive effects of 
all three measures were strong in the first week, then declined, 
and were largely absent beyond 1  month (except for a mar-
ginal effect for HSI from 3 to 6 months). There was also a sig-
nificant interaction between use of stop-smoking medications 
and all three measures of dependence (all p < .001). Results 
stratified by medication use indicated that this effect was most 
pronounced in the first week, where the predictive power of 
the dependence measures was considerably lower for the sub-
group reporting use of stop-smoking medications than those 
who reported not using any (see Table 2, where CIs of the esti-
mates for HSI and TTFC do not overlap in the first week but 
not beyond, and a marginal effect is found for CPD).

When the above analyses were repeated using the modi-
fied version of the CPD and HSI, the results were very similar 
although the 95% CIs for the estimates were wider particularly 
for the longer term quit periods (see Supplementary Table 2).

disCussiOn

This study shows that HSI is predictive of relapse in the first 
month of a quit attempt and particularly so in the first week. 
Our analyses have confirmed the interaction with time of the 
predictive effect of the HSI as found by Zhou et al. (2009) for 
FTND, thus providing support for speculation by Herd et al. 
(2009) that the reason for their failure to find an effect was 
because of the much longer mean time of relapse than in stud-
ies that have found effects. As expected, our analyses also show 
that the relapse predictive utility of the dependence measures 
is moderated by use of stop-smoking medications, with use of 
medication reducing their predictive power especially during 
the first week of an attempt.

The diminishing relapse predictive utility of the HSI with 
time quit is the mirror image of what Herd et al. (2009) found 
for reported frequency of strong urges to smoke, where there 
was no clear effect on relapse in the first month, but a strong 
relationship thereafter. Taken together, these findings suggest 
that there are two (at least) functionally distinct aspects of 
dependence: one measured by habit strength (e.g., HSI), which 
is important in the early days of a quit attempt, and the other 
indexed by the frequency of strong urges to smoke experienced 
after quitting. As frequency of urges changes dynamically over 
time and was measured at varying times postquitting (Herd 
& Borland, 2009), it is not clear whether the key determinant 
is some stable characteristic of reporting cravings or some-
thing that emerges. Fidler, Shahab, and West (2011) showed 
that craving intensity experienced during a normal smoking 
day can predict short-term relapse risk, suggesting that crav-
ings before quitting may be measuring something different 
from those after quitting. We clearly need a better understand-
ing of what determines the persistence of strong cravings, as 
this appears to be at least one factor influencing longer term 
maintenance/relapse.
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The idea that there might be more than one process involved 
in maintenance of change is not new. For example, Piasecki, 
Fiore, McCarthy, and Baker (2002) theorized three sets of 
forces, namely, withdrawal, self-control, and the exhaustion of 
self-control, as co-determinants of relapse. These authors pos-
tulate that in an early period of a quit attempt, self-control is 
critical for preventing relapse, but later in the period, relapse is 
more under the influence of the residual strength of cue-spe-
cific factors. Such an interpretation would imply that cravings 
measured later in a quit attempt are more strongly related to 
cue-specific factors, whereas those early in an attempt, or when 
smoking, may reflect more internally generated determinants.

The findings for the two component measures of the HSI 
were largely similar to that of the composite scale, thus lending 
further support for the predictive validity of these two meas-
ures, consistent with our previous work, albeit on an overlap-
ping sample (Borland et al., 2010). The revised scoring of CPD 
appears to have resulted in both a better distribution of scores 
and a slightly more precise overall prediction, suggesting that a 
change to take into account the reduction in consumption asso-
ciated with ubiquitous smoke-free places should be considered 
for more general use.

The finding of a moderating effect of medication use only 
for the first week of quitting but not beyond suggests that most 
of the benefit of stop-smoking medication use is in helping 
more highly addicted smokers to overcome the challenges 
of nicotine withdrawal in the early days of quitting. The rea-
sons for the lack of a differential effect beyond the first week 
are unclear, and future research is needed to explore type of 

medication used, adherence, dosage, timing, and duration of 
use, all of which could affect the effectiveness of medication 
use. Nevertheless, quitters tend to continue to use quit medi-
cations until they feel they no longer need to or the recom-
mended interval for use ends (Balmford, Borland, Hammond, 
& Cummings, 2011). We note that there was no evidence of 
any rebound effect associated with stopping medication use, 
but this study had limited capacity to find such an effect, par-
ticularly given that a detailed analysis would require knowing 
the timing of medication use among those still quit at that time.

Strengths and Limitations

The strengths of this study include its prospective cohort 
design, multicountry data, large sample for analysis, and the 
use of survival analysis. One limitation of our study is the use of 
self-reported data. Reports on when relapse took place are sub-
ject to recall bias due to telescoping effects meaning we should 
exercise caution in making too precise estimates of the timing 
of the loss of predictive power. Somewhere around 1 month is 
as accurate as our measures will allow. Also, given the follow-
up intervals were about a year apart, brief quit attempts and any 
associated medication use, particularly ones that occurred a 
long time prior to the survey interview, are underreported (Berg 
et al., 2010; Borland, Partos, & Cummings, 2012). However, 
this should not affect the internal validity of this study as it 
is inconceivable that short quit attempts that happen shortly 
after one interview and a long time from the next interview 
where they are to be reported on differ systematically from 
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Figure 1. Hazard ratios for relapse prediction of dependence measures as a function of time quit.
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those closer to the survey interview. It could also be argued 
that our relapse estimates might be biased without biochemical 
validation. However, self-reported relapses have been shown 
to be generally reliable in large nonintervention population-
based surveys (SRNT Subcommittee on biochemical verifica-
tion, 2002). Another limitation is the potential threat to external 
validity of the study due to sample attrition, but again we can 
think of no mechanism by which those reluctant to partici-
pate in surveys or those harder to contact would differ in the 
relationship between these aspects of their smoking habit and 
quitting outcomes. The ITC study has higher attrition rates for 
those quit at the previous contact (Thompson et al., 2006), but 
this really is likely only to affect estimates of relapse rates, not 
their determinants.

An important implication of this study is that neither 
researchers nor clinicians should rely exclusively on meas-
ures of habit strength such as the HSI to characterize levels of 
nicotine dependence, if by dependence is meant difficulty in 
successfully quitting smoking, something that relates to both 
short-term and long-term relapse propensity. Our findings sug-
gest that the HSI is only a useful indicator of that aspect of 
dependence that relates to short-term success. Measures of 
propensity to long-term relapse are needed. Others have sug-
gested a more prominent role for the strength of urges to smoke 
on typical smoking days (Baker, Breslau, Covey, & Shiffman, 
2012), but we do not know when might measuring this indicate 
a propensity to remain quit long term. If Piasecki et al. (2002) 
are correct, then measures that focus on cue-specific cravings 
might provide useful information, in particular, cues that are 
associated with negative affect, as negative affect can be both 
a specific trigger and a reason for smoking (Borland, 2014). 
Residual beliefs about the value of smoking have also been 
associated with long-term relapse (Dijkstra & Borland, 2003). 
It is possible that environmental factors are more important at 
this stage. Herd et al. (2009) found that number of smokers in 
the person’s social network is predictive of long-term relapse, 
but given that social norms toward smoking are now much 
less positive, environmental factors are unlikely to be the main 
explanation for the continuing high rates of relapse.

COnClusiOns

In conclusion, HSI and its two component measures are strong 
predictors of short-term relapse. Beyond the first week, they 
start to lose their predictive power, suggesting that aspects of 
nicotine dependence other than those related to habit strength 
may become more important in determining long-term quit 
maintenance, that is, beyond around 1 month. We should stop 
thinking of the HSI (or its components) as generic measures 
of dependence and begin to think of them as indicators of that 
aspect of dependence, which is associated with early relapse 
from quit attempts. Research is needed to identify determinants 
of later relapse and to ascertain whether differential associates 
of early and late relapse also apply to other addictions.
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