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a b s t r a c t
Objective. This study investigates the clustering of a broad range of health-compromising and delinquent
behaviors. We examine whether these behaviors belong to a single but broad cluster, ‘risk-taking behavior’,
and whether the nature and degree of clustering in adolescents differs from that in adults.
Method. A representative sample (N = 4395) of the Dutch population aged 12 to 40 (overall response rate
67%), was asked about various health-compromising behaviors, such as alcohol consumption, smoking,
illegal drug use, unsafe sexual behavior, physical inactivity, poor nutrition (such as skipping breakfast and not
eating fruit and vegetables), poor sleep behavior, unlawful trafﬁc behavior, and delinquent and aggressive
behavior. Data were collected from fall 2005 to spring 2006 using internet questionnaires and face-to-face
computer-assisted interviews.
Results. No single broad cluster was found. Instead, there were several separate but interrelated clusters.
The contents of these clusters differed between age groups. For young adolescents (12–15) two clusters were
identiﬁed: Alcohol and Delinquency. For older adolescents (16–18) and adults (19–40) three clusters were
identiﬁed: Alcohol, Delinquency and Health.
Conclusion. The ﬁndings of this study support a more integrated approach to promoting healthier
lifestyles, and suggest that the behavior targets of integrated prevention programs should be different for
adolescents and adults.
© 2009 Elsevier Inc. All rights reserved.

Introduction
Health and mortality are strongly affected by behaviors such as
smoking, poor diet, physical inactivity, excessive alcohol consumption,
motor-vehicle accidents, risky sexual behaviors, and illicit drug use;
these behaviors are therefore considered as health-compromising
(Belloc and Breslow, 1972; De Groot et al., 2004; Emberson et al.,
2005; Housman and Dorman, 2005; Knoops et al., 2004; Meng et al.,
1999; Mokdad et al., 2004; Twisk et al., 2001; Yusuf et al., 2004).
Because of its negative cumulative effect on health, investigating the
clustering of such health related behaviors is very important (Meng
et al., 1999; Yusuf et al., 2004; Spencer et al., 2005). In addition, the
occurrence of clustering would support a more integrated approach to
promoting healthier lifestyles (Atkins and Clancy, 2004; Flay, 2002;
Goldstein et al., 2004; Prochaska et al., 2008).
Interventions that aim to change these individual health-compromising behaviors seem to target overlapping groups, as recent studies
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have shown that several health-compromising behaviors co-occur in
adolescents (Faeh et al., 2006; Wiefferink et al., 2006; Burke et al.,
1997; Pronk et al., 2004a) and in adults (Ma et al., 2000; Poortinga,
2007; Pronk et al., 2004b; Rouillier et al., 2004; Schuit et al., 2002). To
date, however, there is hardly any evidence on the clustering of a
broader range of health-compromising behaviors, as previous studies
examined only a few separate behaviors. In addition, despite the
indication for relations between health-compromising behavior and
aggression and delinquent behavior, such as violent offending,
vandalism and stealing, evidence mostly lacks (Junger and Dekovic,
2003; Piquero et al., 2007; Shepherd and Farrington, 2003). If such
relations exist, a next step to a general theory of risk behavior will be
to assess the underlying causal mechanisms that affect a broad range
of behaviors (Junger and Dekovic, 2003; Bardone et al., 1998; Elliott,
1993; Junger et al., 2001; Lumeng et al., 2003; Orpinas et al., 1995),
such as ‘risk-taking behavior’(Arnett, 1992), stimulus-seeking behavior (Mawson et al., 1996), self-control or parenting (Gottfredson and
Hirschi, 1990; Baumeister et al., 1994).
In addition, previous studies either focused on adolescents or
adults. However, it is known that the prevalence of health-
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compromising behavior differs between adolescents and adults (Jessor
et al., 1991; Pronk et al., 2004a), which indicates age differences in
clustering as well. Therefore, a simultaneous focus on adolescents and
adults is needed, as it would allow the two to be compared.
This study aims to investigate the clustering of health-compromising behaviors and delinquent behavior, in a representative sample of
Dutch adolescents and adults. Following the risk-taking behavior view
we hypothesize that all health-compromising behaviors cluster. From
a developmental perspective it can be expected that the pattern of
clustering differs between age groups (Jessor et al., 1991). Adolescents
tend to experiment with alcohol and tobacco during adolescence,
which is considered as norm-breaking behavior, whereas it is
accepted in adulthood. Therefore, the hypothesis was tested whether
health-compromising behaviors and delinquent behaviors belong to
one broad cluster (‘risk-taking behavior’), and whether this clustering
differs by age.
Methods
Sample
Our study concerned a Dutch nation-wide sample of people aged 12–40 years.
Respondents came from a random sample out of a database of about 200,000
households in The Netherlands, after stratiﬁcation by age, sex and educational level of
the head of the household. The online questionnaires were completed by 3423 (71%)
of a total sample of 4820 people. We oversampled two groups that we expected to be
underrepresented in the source database, i.e. participants from disadvantaged
backgrounds, and those belonging to an ethnic minority group (Stang et al., 2005;
Reijneveld and Stronks, 1999). To this end, all ethnic minority households from the
source database (n =484) were asked to participate in the study; out of them, 403
(83%) responded. We added a third random sample of households from disadvantaged backgrounds in 20 deprived neighborhoods in The Netherlands' ﬁve largest
cities, by face-to-face and telephone screening and snowball sampling. Out of the
1152 in this sample, 567 responded (49%). This led to an overall response rate of 67%
(n = 4468).
In Table 1 characteristics are presented for different age groups. Non-response
analyses showed that response rates varied by sex, age and educational level. Using GPower (Faul et al., 2007) Cohen's W values were calculated; they ranged from .05 to .21,
which Cohen denoted as small effects (Cohen, 1992).
Measures
In our design, we tried to prevent reporting bias by providing an anonymized
method to ﬁll-out questions combined with preventing selection bias because of
selective non-response as much as possible. Data were collected from fall 2005 to
spring 2006 by means of face-to-face computer-assisted interviewing and internet
questionnaires. The survey instrument included items derived from standardized
questionnaires that are used for routine health behavior monitoring in The Netherlands
and proven valid (see Table 2). Sleep behavior was added to the instrument, because
having a few hours of sleep is health-compromising and has been found to be related to
other health-compromising behaviors (Junger and Dekovic, 2003).
Delinquency was measured through questions on vandalism, violence, and crime
against property from the short version of the International Self-Reported Delinquency
study (ISRD) (Junger-Tas et al., 1994). Ten items were included that asked about
threatening and using weapons, vandalism, and stealing, on a 5-point scale ranging
from never to three times or more in the last months. To measure recent delinquency,
the number of reported offences were counted over the previous 12 months. To
measure past delinquent behavior, offences reported more than 12 months previously
were counted.
Table 1
Characteristics of the sample by age group: Risk Behavior Survey, The Netherlands,
2005–2006 (N = 4468).
N

Age (years)a
Gender (% female)
Education level (% low)b
Ethnicity (% Dutch)
a

Young
adolescence
(12–15)
504

Late
adolescence
(16–18)
394

Young
adulthood
(19–24)
758

Adulthood

13.6 (1.10)
49.4
55.2
94.0

17.0 (.81)
48.2
24.9
91.9

21.5 (1.70)
49.9
23.5
89.2

33.2 (4.52)
52.5
40.5
90.9

(25–40)
2739

Data presented as means (standard deviations).
Low education level: completion or current education at the level of lower
secondary or second stage of basic education or less (Level 0-2 from the International
Standard Classiﬁcation of Education (ISCED).
b

573

In addition to the delinquency scale, the Physical Aggression and Verbal Aggression
scales from the Aggression Questionnaire (AQ) (Buss and Perry, 1992) were used. These
scales have been found to be reliable and valid for the Dutch population (Meesters et al.,
1996; Morren and Meesters, 2002). In our sample, Chronbach's alphas were .66 and .64
respectively.
Statistical analyses
We ﬁrst conducted exploratory factor analysis (EFA) and conﬁrmatory factor
analysis (CFA) to determine whether health and delinquent behaviors belong to one
broad cluster ‘risk-taking behavior’. Analyses were conducted per age group, because
analyzing the total sample showed that, as expected, there was no model that ﬁtted
well.
Because behaviors were expected to be most stabilized in adults, ﬁrst the factor
structure of risk-taking behavior was investigated in adults aged 25 to 40. The analytical
procedure was as follows. First, PRINCALS (Principal Component Analysis) was used to
investigate whether category scores were the same. If so, these scores were combined.
Then EFA and CFA were conducted. Next, the model for adults, as resulted from CFA, was
hypothesized so as to ﬁt the younger age groups. If this hypothesis was rejected, the
same procedure was repeated separately for each age group, combining categories on
the basis of PRINCALS, EFA, and CFA. If results showed that the factor structure was the
same for two or more groups, multiple group analyses were conducted to assess
whether factor loadings and factor means differed.
Scores of 73 respondents were deleted because of unreliable answering (completing the questionnaire in 20 min or less). Analyses were conducted on scores of 4395
respondents: 504 early adolescents (12–15), 394 late adolescents (16–18), 758 young
adults (19–24), and 2739 adults (25–40).
Analyses were conducted using Mplus (Muthén and Muthén, 1998–2007), a
statistical modeling program that, unlike other programs, provides the possibility to
conduct EFA and CFA in a SEM framework and offers the highest ﬂexibility in including
categorical variables with respect to estimation procedures. Because most respondents
reported in the ‘no’ category of unhealthy and delinquent behaviors, all continuous
variables were transformed into categorical variables. Mplus can handle such so-called
zero inﬂated Poisson categorical variables. Data were missing for less than 5% of all
items. Missing data were therefore imputed using Mplus.

Results
For the 25 to 40 year old group we found a well-ﬁtting model
comprising three factors: 1) Alcohol-adults, 2) Delinquency-adults,
and 3) Health-adults (see Table 3), with the higher factor loadings
indicating that the cluster is deﬁned more by that behavior than
another behavior with a lower factor loading. Our tests then showed
that this model also ﬁtted the 19 to 24 age group, and also the overall
19–40 group (see Table 3). This means that individuals in both adult
groups had similar patterns of risk behavior.
To examine whether factor loadings were the same for the two
groups, a multiple group analysis was conducted. This yielded a wellﬁtting model of three factors (see Table 3), suggesting that both age
groups had the same factor loadings. For a constrained and a free
model the results were similar (see Table 3). No sex differences were
found.
Fig. 1 presents the three-factor model for the 19–40 age group.
Although there were three individual clusters, the health and
delinquency clusters correlated relatively strongly (r = .51), and
the alcohol cluster correlated moderately both with the health cluster
(r = .35) and with the delinquency cluster (r = .35).
Next, we assessed whether the model also ﬁtted for the 16–18 age
group. Because there was no convergence, the same procedure was
followed for this group as for the 25–40 age group, leading to a wellﬁtting model that comprised three factors: 1) Alcohol-late adolescents, 2) Delinquency-late adolescents, and 3) Health-late adolescents
(see Table 3).
In this model, there were differences in factor loadings for males
and females. A multi-group analysis failed to produce a good ﬁt,
either for a constrained model (Chi square = 206.75, df = 107,
p = .000; CFI = .85, TLI = .86, RMSEA = .069), or for a free model
(Chi square = 222.98, df = 108, p = .000; CFI = .83, TLI = .85,
RMSEA = .074). These results suggest that there was heterogeneity
by background characteristics in the factor models. Subgroup analyses
showed that females had lower mean scores on the factors Alcohol and
Delinquency than males, and higher mean scores on the factor Health.

