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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

Risk-taking behavior
Clustering

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-compro-
mising 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 beha-
vior (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-compromis-
ing 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 disadvan-
taged 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 G-
Power (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 Young Late Young Adulthood
adolescence  adolescence  adulthood
(12-15) (16-18) (19-24) (25-40)
504 394 758 2739
Age (years)? 13.6 (1.10) 17.0 (.81) 215 (1.70)  33.2 (4.52)
Gender (% female) 494 48.2 499 52.5
Education level (% low)*  55.2 24.9 23.5 40.5
Ethnicity (% Dutch) 94.0 91.9 89.2 90.9

@ Data presented as means (standard deviations).

b 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).

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 (comple-
ting 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 well-
fitting 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 well-
fitting model that comprised three factors: 1) Alcohol-late adoles-
cents, 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.
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Table 2
Measures of health-compromising behaviors: Risk Behavior Survey, The Netherlands, 2005-2006 (N =4468).
Variable Item Operationalisation Label Range Reference
Alcohol How many days a week do you drink alcohol? Total no. of days a week Alcohol >0 Monshouwer (2008),
consumption day Monshouwer et al. (2004) and
Reijneveld et al. (2003)
How many glasses, or cans of alcohol do you consume Total no. of glasses a day Alcohol 0-7
on a day you drink? glass
Heavy drinker, on the basis of the Alcohol 0-4
no. of glasses and days normative
Smoking Adults: what do you smoke and how many? Total no. of cigarettes a day Smoking >0 Reijneveld (1998, 2002)

1 Amount of cigarettes a day
2 Amount of cigars a week (1 cigar =4 cigarettes)
3 Amount of packages pipe tobacco a week

(1 package =50 cigarettes)

Adolescents: how many cigarettes do you smoke a week? Crone et al. (2003)
Drug use Have you used the following drugs? Never used drugs Drug 0-4  Monshouwer (2008),
abuse O'Malley et al. (1983) and
Reijneveld et al. (2003)

1 Cannabis (hasj, marihuana or wiet) Soft drugs (1) in the last
12 months, not the last 4 weeks

2 Amphetamine (pep, speed) Soft drugs (1) in the last 4 weeks

3 XTC (ecstasy, MDMA) Hard drugs (2-8) in the last
12 months, not the last 4 weeks

4 LSD Hard drugs (2-8) in the last

4 weeks (4)
5 Cocaine (also crack/boiled coke/freebase)
6 Hallucinogen mushrooms (paddo's of magic mushrooms)
7 Heroine (horse, smack or brown)
8 Methadon
Never, in the last 4 weeks, in the last 12 months, not the last 4 weeks,
longer than 12 months ago

Unsafe sex How often have you used a condom in new sexual contacts to avoid Condom use in new sexual Unsafe sex 1-5 De Graaf et al. (2005)
sexual transmitting diseases (such as AIDS, Chlamydia, and contacts in the last 6 months
gonorrhoeae) in the last 6 months? (1=always, 5=never)
Physical How many days and how much time a day during the last week were Total time (in half hours) of: 1 Exercise >0 Wendel-Vos et al. (2003)
activity you active in the following activities: light
Light physical activity: 1 Light physical activity 2 Exercise
moderate
From home to school/work: public transport, car or scooter 2 Moderate physical activity 3 Exercise
vigorous
At school/work: reading, writing 3 Vigorous physical activity

Domestic: cooking, doing the dishes

Sports: <5 METS? (adolescents <18), <4 METS (adults >18)
Moderate physical activity:

From home to school/work: cycling

At school/work: walking stairs, construction work, digging

Domestic: ironing

Leisure time: walking, cycling

Sports: 5-8 METS (adolescents), 4-6.5 METS (adults)
Vigorous physical activity:

From home to school/work: walking

At school/work: walking or work in which heavy

things have to be carried

Domestic: cleaning the floor, carrying heavy groceries

Leisure time: working in the garden, do it yourself

Sports: >8 METS (adolescents) >6.5 METS (adults)

Breakfast How many days a week do you have breakfast? Total no. of days a week Breakfast  0-7 Van den Brink et al. (2005)
Fruit How many days a week do you take fruit? Total no. of days a week x total Fruit >0
portions
At the days you take fruit, how many portions of fruit do you take?
Vegetables How many days a week do you eat vegetables? Total no. of days a week x total Vegetables >0
portions
At the days you eat vegetables how many spoons do you take?
Sleeping At what time do you turn off the light? Total hours of sleep a day Sleep >0 Meijer et al. (2001)
behavior
At what time do you wake up?
Red light How often did you ignore a red light in the last month: Total times of ignoring a red light 1 Red light >0 Feenstra et al. (2002)
walking/car last month car
1 Driving a car or motorbike 1 Driving car/motorbike 2 Red light
2 Walking 2 Walking

2 METS = Metabolic Equivalent of Task.

This means that females showed less health-compromising behaviors Fig. 2 presents the three-factor model for the 16-18 age group. The
on all three factors. Effect sizes for the differences by gender were alcohol cluster was related weakly to the health cluster (r=.21) but
medium for Alcohol (Cohen's d=—.47) and Delinquency (Cohen's relatively strongly to the delinquency cluster (r= —.58). The health
d= —.43), and large for Health (Cohen's d = —.70). and delinquency clusters were not correlated.
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Table 3
Goodness-of-fit indices for models of the different age groups: Risk Behavior Survey,
The Netherlands, 2005-2006 (N =4468).

Model df 7 CFI TLI RMSEA
1) 25-40 103 826.2 0.96 0.96 0.05
2) 19-24 86 3201 0.94 0.94 0.06
3) One group 19-40 105 11194 0.95 0.96 0.05
4) Multi-group constrained 200 1217.0 0.94 0.95 0.05
5) Multi-group free 208 1282.7 0.94 0.95 0.05
6) 16-18 66 117.7 0.94 0.94 0.05
7) 12-15 53 153.2 0.90 0.91 0.06

Note: df = degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index;
RMSEA =Root Mean Square Error of Approximation; CFI and TLI values>.95 and
RMSEA <.05 indicate a good model fit.

We then assessed whether this hypothesized model also fitted well
for the 12-15 age group. Because no one in this age group is allowed to
drive a car or motorcycle, there are no data on the variable ‘Red light in
car’; neither were data on sexual intercourse and condom use asked in
this age group. The variables ‘Red light in car’ and ‘Unsafe sex’ were
therefore excluded from the model tested. As no convergence was
reached, the model for the 16-18 age group did not fit the 12-15 age
group.

Therefore the same procedure was followed for this age group as
for the 16-18 age group. This resulted in a well-fitting model that
comprised two factors: 1) Alcohol-young adolescents and 2)
Delinquency-young adolescents (see Table 3).

Factor loadings for males and females differed. A multi-group
analysis failed to produce a good fit, either for a constrained model
(Chi square=225.72, df=80, p=.000; CFI=.82, TLI=.85,
RMSEA=.085), or for a free model (Chi square=234.87, df=281,
p=.000; CFI=.81, TLI=.84, RMSEA=.087). These results again
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suggest that factor models differed qualitatively. Again, there were
large mean differences between males and females, the latter having
lower mean scores on the factor Delinquency than males (Cohen's
d=.53, i.e. medium).

Fig. 3 presents the two-factor model for the 12-15 age group. Both
clusters were correlated (r=.43).

Discussion

The aim of this study was to establish whether health-compromis-
ing behaviors and delinquent behaviors belonged to one broad cluster
(‘risk-taking behavior’), and whether this clustering differed by age.
The results suggest that clustering occurs but in several interrelated
clusters, and that the type of clustering differs by age and sex. In young
adolescents (age 12-15), there was a broad cluster of risk-taking
behavior, and a second cluster that consisted of alcohol, smoking and
drug abuse. This probably reflects the life phase in which young
adolescents experiment with substances and confirms earlier findings
(Faeh etal., 2006). Because the two clusters are also relatively strongly
correlated, health-compromising behaviors at this age seem to be part
of a broader cluster of adverse behaviors, as previously suggested by
Arnett (1992) and Mawson et al. (1996).

In late adolescence (age 16-18), risk-taking behaviors were found
to concern three, different, clusters. Alcohol clustered with unsafe sex,
unlawful traffic behavior and vigorous physical activity. The move of
use of alcohol to a cluster not containing delinquent behaviors such as
vandalism and aggressive behavior may be due to the gradually more
permissive social norm setting in our society concerning the use of
alcohol. For example, by Dutch law the purchase of alcohol is being
allowed departing from the age of 16 in The Netherlands. Alcohol
consumption is thus not a formal rule-breaking behavior from that age
onwards. The association of use of alcohol with other health-

Breakfast Fruit | Vegetables I | Smoking | Sleep | Exercise Exercise
_ Y light vigorous
36 |\ 20 | _72 | 28 |
-19

Health-
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Alcohol
glass ™ -.35 .
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sex )
Delinquency-
Adults
| .70 : l | .67 | .67 | | .24 | .31 |
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Fig. 1. Factor structure and loadings for 19-40 year old men and women (N=

3497), Model 3: Risk Behavior Survey, The Netherlands, 2005-2006 (N = 4468).
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Fig. 2. Factor structure and loadings for 16-18 year old boys and girls (N=394), Model 6: Risk Behavior Survey, The Netherlands, 2005-2006 (N =4468).

endangering behaviors such as unsafe sex more closely reflects the
pattern in adults. This change in patterns of clustering can be
explained from a developmental perspective. For instance, experi-
menting with smoking and alcohol in adolescence is norm-breaking,
whereas it is accepted in adulthood. Similarly, using hard drugs is
more common in late adolescence than in adulthood, where it is more
associated to delinquent behaviors.

The second cluster in late adolescence comprised aggressive
behavior, smoking, drug use, little sleep and delinquency. An
explanation may be that drug use and smoking in late adolescence
are not just a continuation of the experimental use of substances
typical in younger adolescents. The adolescents that continue this use,
do it as part of a more general delinquent lifestyle, which is related to
the use of alcohol. This mostly confirms the rather scarce evidence
that exists on this topic (Junger et al., 2001; Piquero et al., 2007).
However, it agrees only in part with the work of Jessor (1992) and
Donovan and Jessor, (1985), who proposed a uni-dimensional frame-
work for risk behaviors in adolescence that incorporates delinquency
as well as other rule-breaking and health-endangering behavior,
including substance abuse and having sex. An explanation might be
that the societal acceptance of use of alcohol and having sexual
contacts by late adolescents differs between countries and cultures.
Another explanation may be that parents often determine to a
relatively large extent what their children eat and whether they sport.
This fact may explain why these health-compromising behaviors do
not correlate with the type of behaviors belonging to the alcohol and
delinquency clusters which include behaviors that more directly
follow from the adolescents' own choice.

For adults (19-40 years), the pattern of health-compromising and
delinquent behavior seems to be crystallized. The Health-adults
cluster confirms previous findings (Pronk et al., 2004a) on comprising
all healthy lifestyles, and supports the idea that ‘health-protective

behaviors’ co-occur. Surprisingly, smoking as a health-endangering
behavior is also part of this cluster. The Delinquency-adults cluster
seems to be the final stage of a move of behaviors between clusters
that has already started in late adolescence, leading in adulthood to a
cluster that fully consists of behaviors that are considered as norm-
breaking in most industrialized societies (Brand and Price, 2000;
Mulder et al., 1998, p. 1144).

To date, the literature on the overlapping risk groups regarding
health-compromising behaviors in adults has been inconclusive, with
some studies emphasizing the multidimensionality of health beha-
viors (Belloc and Breslow, 1972; Berrigan et al., 2003; Johnson et al.,
1998), but others their co-occurrence (Poortinga, 2007; Schuit et al.,
2002; Reeves and Rafferty, 2005; Reedy et al., 2005). Our findings
provide support for a multidimensionality in several clusters.
However, as this study is the first to show different clustering across
age groups, these results should be confirmed by future studies.

Implications

These findings have major implications for the development of
prevention programs. If risk behaviors cluster among the same
persons and if converging determinants can be identified, prevention
programs could focus on clusters of risk behavior, rather than on
separate risk behaviors, thereby lightening the load of public health
practice.

By identifying several clusters of health-compromising behavior,
this study supports a more integrated approach to promote healthier
lifestyles (Atkins and Clancy, 2004; Flay, 2002; Goldstein et al., 2004).
However, the finding of separate clusters does not yet mean that our
results support a totally integrated approach, only that some
combinations of several health-compromising behaviors will be
prone to an integrated prevention approach while other behaviors
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Fig. 3. Factor structure and loadings for 12-15 year old boys and girls (N=504), Model 7: Risk Behavior Survey, The Netherlands, 2005-2006 (N =4468).

will be better addressed separately. As our results show that the
clustering of health behavior changes over time, the second implica-
tion of this study is that the behavior targets of integrated prevention
programs should be different for adolescents and adults.

However, to determine the validity of such a simultaneous
approach, joint determinants should first be established in further
research. It should also be determined whether clustering and its
changes in the life course are indeed due to such common causes. For
this purpose, longitudinal designs will be required.

Study limitations and strengths

Our study was the first to examine a broad range of health-
compromising and delinquent behaviors, and its inclusion of both
adolescents and adults enabled us to compare clustering between age
groups. In addition, it uses a nationally representative sample and
high quality measures, newer factor analytic methods to provide a
refined view of the relationships.

While the response rates in the sample with disadvantaged
backgrounds are relatively low, they are similar to the response
rates in hard-to-reach samples (Stoop, 2005). Moreover, the total
sample of this study is representative for the Dutch population
between 12 and 40. The prevalence of risk behaviors such as alcohol,
smoking, overweight and sexual behavior in the study population is
similar to that of the Dutch population (CBS, 2008). Although
immigrant respondents are underrepresented, this is unlikely to
influence the results because we assessed correlations of behaviors.
Finally, data collection methods differed between the subsamples,
which could have led to information bias. However, using computer-
assisted, self-administered interviews in all settings, we prevented
this bias and at the same occasion minimized selection bias thus

improving the validity of the sensitive information that we collected
(Metzger et al., 2000 Kissinger et al., 1999).

Conclusions

We conclude that health-compromising and delinquent behaviors
cluster in two to three separate but related clusters. The number and
composition of these clusters differs between young adolescents,
older adolescents and adults. This supports a more integrated
approach in promoting healthier lifestyles, and indicates that different
age groups should be approached with different, integrated, preven-
tion programs.
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