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Abstract
Aims: The objectives of this study were to replicate smoker profi les identifi ed in Batra et al. (in press) and to develop a 
cluster-based classifi cation system to categorize new cases into smoker profi les so that an appropriate tailored intervention 
could be applied.
Methods: Participants were smokers in southwest Germany who sought treatment for smoking cessation. In the fi rst 
sample, discriminant analysis was used to create classifi cation formulas for a future study (classifi cation sample: n = 165). 
The second sample served to replicate the smoker profi les, which included participants reporting symptoms of hyperactiv-
ity/novelty-seeking, depressivity or high nicotine dependence as well as participants scoring low across smoking and psy-
chological variables (replication sample: N = 134).
Results: Part 1 was focused on the development of formulas, using Fisher’s coeffi cients, with which new cases could be 
classifi ed. Part 2 adequately replicated previous fi ndings concerning the smoker profi les, such that 70% of participants in 
the second sample were classifi ed identically using cluster analysis and classifi cation formulas.
Conclusions: The smoker profi les found in a previous study were replicated, and a classifi cation system was developed 
for a future study which will test the effi cacy of tailored treatments for the different smoker profi les. Copyright © 2008 
John Wiley & Sons, Ltd.
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Introduction
Despite relatively high short-term abstinence rates of 
50% to 80%, effi cacy of pharmacobehavioural smoking 
cessation treatment typically decreases after treatment 
end, such that only 20–35% of participants remain 
abstinent one year following treatment (Cinciripini 
et al., 1996; Haas et al., 2004; Perkins et al., 2001). 
These relatively high rates of relapse indicate a need to 
develop new and more effi cacious ways to help smokers 
maintain long-term abstinence.

One pathway to improving overall abstinence rates 
is to tailor interventions to address the needs of smokers 
who are at higher risk for relapse (see Ranney et al., 

2006). In order to identify such at-risk smokers, a previ-
ous study was conducted to fi nd theory-based smoker 
profi les that were associated with smoking relapse (Batra 
et al., in press). In this previous study, participants were 
classifi ed into smoker profi les based on their responses 
to self-report questionnaires. The hypothesized profi les 
were identifi ed using a k-means cluster analysis and 
included hyperactive/novelty-seeking, depressive, highly 
dependent, and low-scoring (i.e. smokers scoring 
comparatively low across smoking and psychological 
variables) profi les. Smoker profi les predicted both 
point-prevalence and continuous abstinence over the 
12-month follow-up period (Batra et al., in press).
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These profi les provided clinically meaningful infor-
mation about smokers, and thus the fi rst aim of the 
current study was to establish formulas based on the 
previous cluster analyses which could be used to classify 
new cases into smoker profi les. Given the small sample 
size in the previous study and the sample specifi city of 
clustering techniques (Everitt et al., 2001), the second 
aim of this study was to replicate the previous cluster 
analysis in an additional sample. To this end, two clas-
sifi cations were compared: (a) classifi cation using 
formulas based on the previous cluster analyses and 
(b) classifi cation using new cluster analyses.

Methods
Participants in the current study consisted of two 
samples of smokers residing in southwest Germany who 
had completed a six-week smoking cessation programme 
(see Batra and Buchkremer, 2004; Batra et al., in press). 
The characteristics of the fi rst sample have been 
described elsewhere (Batra et al., in press). In the second 
sample, 95% of participants identifi ed as German 
nationals, 50.7% were women, and the average age was 
46.3 years (SD = 11.08). At baseline, participants 
reported smoking an average of 23.6 cigarettes a day 
(SD = 9.43), evinced moderate levels of nicotine depen-
dence (Fagerström Test of Nicotine Dependence 
[FTND]: mean, M = 5.27, SD = 2.17) and had made an 
average of 4.4 (SD = 6.69) previous quit attempts. 
According to the results of t-tests and chi-square tests, 
the two samples did not signifi cantly differ on the above 
measures (all ps > 0.05), which indicated that the 
samples were comparable.

All participants (Npart1 = 165; Npart2 = 134) completed 
questionnaires assessing psychological and smoking 
characteristics. Two questionnaires measured depres-
sivity, including the Beck Depression Inventory-
German version (BDI; Beck and Steer, 1987; Hautzinger 
et al., 1994) and the Negative scale of the Inventory of 
Self-communication for Adults (ISE-N; Tönnies and 
Tausch, 1981). The Questionnaire on Smoking Urges 
(QSU; Müller et al., 2001; Tiffany and Drobes, 1991) 
and the Fagerström Test of Nicotine Dependence 
(FTND-G; Heatherton et al., 1991; Rumpf et al., 1995) 
were used to measure nicotine dependence and craving. 
Finally, three measures were used to assess hyperactiv-
ity and novelty-seeking: the Attention Defi cit and 
Hyperactivity Checklist (ADHD; Heßlinger et al., 
2004), the novelty-seeking scale of the Tridimensional 
Personality Questionnaire (TPQ-NS; Cloninger, 1987; 

Defeu et al., 1995) and the Behavioural Activation 
System scale of the BIS/BAS questionnaire (Carver and 
White, 1994; Strobel et al., 2001).

Prior to analyses, the resulting summary scores were 
inspected for outliers and normality. Exploratory data 
analyses indicated positively skewed distributions for 
BDI, ADHD and ISE-N, and these variables were sub-
sequently transformed using square root (BDI, ADHD) 
and log10 (ISE-N) transformations. All other variables 
showed normal distributions as confi rmed by plots 
and statistical tests of normality. Because the optimiza-
tion technique used in this study was scale-sensitive 
and the indicators were scaled differently, continuous 
indicators were standardised before the analyses were 
conducted.

Results

Part 1
A discriminant analysis was conducted on Sample 1, in 
which the profi les designated by the cluster analysis 
conducted in Batra et al. (in press) served as the depen-
dent variables, and the summary scores of the measures 
mentioned earlier served as indicators. The goals of this 
analysis were to better describe the profi les created by 
the previous cluster analysis in terms of their discrimi-
nant functions and to create classifi cation formulas to 
assign new cases in Sample 2 to smoker profi les. Because 
the previous k-means cluster analysis aimed to mini-
mise within-cluster variation and maximize between-
cluster variation, inferential statistics refl ecting model 
and predictor signifi cance in the discriminant analysis 
were likely to be upwardly biased and are therefore not 
reported.

As shown in Table 1, loadings of predictors on dis-
criminant functions indicated that BDI, ADHD and 
ISE-N scores discriminate between smokers with higher 
and lower depressive symptoms, FTND and QSU dis-
criminate between smokers with higher and lower 
levels of nicotine dependence; and TPQ and BAS dis-
criminate between smokers with higher and lower 
levels of novelty-seeking.

The discriminant analysis also yielded Fisher’s coef-
fi cients which were applied to linear classifi cation for-
mulas and used to categorise new cases in Sample 2 
into their respective smoker profi les (Tabachnick and 
Fidell, 2001). Classifi cation scores (Cj) were given by

Cj =  cj0 + cjFTNDXFTND + cjQSUXQSU + cjBDIXBDI + 
cjISEXISE + cjADHDXADHD + cjBASXBAS + cjTPQXTPQ

 (1)
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where j = a given profi le, c = the corresponding Fisher’s 
coeffi cient from Sample 1, and X = the raw score on 
the specifi ed predictor in Sample 2. Each case was 
assigned to the profi le for which it had the highest 
classifi cation score.

Part 2
The goal in Part 2 of this study was to replicate the 
smoker profi les and test the generalisability of the for-
mulas created in Part 1. To achieve these ends, partici-
pants in Sample 2 were assigned to subgroups using two 
different methods: (a) the classifi cation formulas derived 
in Part 1 and (b) a new k-means cluster analysis con-
ducted on Sample 2 with four specifi ed groups and 
iterations = 10.

The two partitioning results were compared to 
confi rm cluster robustness (Everitt et al., 2001). Because 
the methods yielded an equal number of clusters, only 
a stringent exact reclassifi cation was considered (Everitt 
et al., 2001). Results indicated that participants were 
consistently classifi ed into their respective smoker pro-
fi les 70% of the time. Further, intermethod reliability 
was used to test the consistency of the two methods of 
classifi cation, such that a higher consistency in classi-
fi cation yielded a higher Cohen’s κ coeffi cient. Accord-
ing to cut-offs provided by Altman (1991), intermethod 

reliability analyses indicated adequate consistency of 
the two partitioning methods (κ = 0.60). A qualitative 
comparison of the profi le scores on the seven indicators 
further confi rmed cluster robustness (see Figure 1).

Discussion
In the current study, we developed and tested a system 
to classify new cases to smoker profi les. Findings indi-
cated that this method, based on Fisher’s classifi cation 

Table 1. Loading matrix of indicators on functions

Functions

Depressive Nicotine 
dependent

Novelty-seeking

BDI 0.6321 −0.337 −0.015
ADHD 0.5791 −0.173 −0.023
ISE-N 0.5151 −0.357 −0.070
FTND 0.259  0.5781 −0.090
QSU 0.159  0.5071 −0.430
TPQ-NS 0.143 −0.062  0.8031

BAS 0.110  0.434  0.5371

Note: BDI, Beck Depression Inventory; ADHD, Attention 
Defi cit and Hyperactivity Checklist; ISE-N, Negative scale 
of the Inventory of Self-communication for Adults; FTND, 
Fagerström Test of Nicotine Dependence; QSU, Question-
naire on Smoking Urges; TPQ, Tridimensional Personality 
Questionnaire; BAS, Behavioural Activation System scale of 
the BIS/BAS.
1 Largest absolute correlation between each variable and any 
function.
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Figure 1. Comparison of indicator scores for smoker sub-
groups in study Samples 1 and 2. BDI, Beck Depression 
Inventory; ADHD, Attention Defi cit and Hyperactivity 
Checklist; ISE-N, Negative scale of the Inventory of 
Self-communication for Adults; FTND, Fagerström Test of 
Nicotine Dependence; QSU, Questionnaire on Smoking 
Urges; TPQ, Tridimensional Personality Questionnaire; 
BAS, Behavioural Activation System scale of the BIS/BAS.
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formulas from a previous study sample and self-report 
responses on psychological measures, is a feasible means 
of classifying new cases for the future treatment phase 
of the programme. Further, in spite of the relatively 
small sample size in the original study (N = 165), the 
current analysis provided evidence that the proposed 
smoker profi les are replicable and relatively robust.

Despite these promising fi ndings, limitations of the 
current study warrant discussion. First, the multivariate 
analyses (i.e. k-means cluster analysis, discriminant 
analysis) used in the current study assume normality 
and are sensitive to outliers (Everitt et al., 2001; Tabach-
nick and Fidell, 2001). Fortunately, following transfor-
mation, the current data met the normality assumption 
and did not contain outliers. Further, cluster analyses 
may be subject to overinterpretation due to potential 
algorithm artefacts (Everitt et al., 2001). The current 
study, however, replicated profi les found in a previous 
study, which clearly reduced the risk of overinterpreta-
tion of the initial fi ndings. Finally, a k-means cluster 
analysis was used in the current study to maintain 
consistency with the previous study analyses and 
thereby provide a replication of the methods as well as 
the results. It should be noted, however, that newer 
methods, such as latent class analysis (Muthen, 2002), 
may provide more fl exible and elegant clustering possi-
bilities. Although the current sample size would not 
have provided suffi cient power to test the hypotheses 
using latent class analysis (Nylund et al., 2007), the 
follow-up study could incorporate this method as a 
further test of cluster robustness in a new, larger 
sample.

Despite its limitations, this study provided classifi ca-
tion formulas to assign new cases to smoker profi les. 
Further, this study provided preliminary evidence for 
the robustness and validity of the smoker profi les in a 
new sample. An intervention study is being planned to 
serve as a further replication of the profi les and to 
establish the clinical utility of such profi les in tailoring 
pharmacobehavioural smoking cessation treatment to 
the needs of at-risk smokers.
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