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A newly identified group of adolescents at “invisible”
risk for psychopathology and suicidal behavior:
findings from the SEYLE study
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This study explored the prevalence of risk behaviors (excessive alcohol use, illegal drug use, heavy smoking, reduced sleep, overweight,
underweight, sedentary behavior, high use of Internet/TV/videogames for reasons not related to school or work, and truancy), and their asso-
ciation with psychopathology and self-destructive behaviors, in a sample of 12,395 adolescents recruited in randomly selected schools across
11 European countries. Latent class analysis identified three groups of adolescents: a low-risk group (57.8%) including pupils with low or
very low frequency of risk behaviors; a high-risk group (13.2%) including pupils who scored high on all risk behaviors, and a third group
(“invisible” risk, 29%) including pupils who were positive for high use of Internet/TV/videogames for reasons not related to school or work,
sedentary behavior and reduced sleep. Pupils in the “invisible” risk group, compared with the high-risk group, had a similar prevalence of
suicidal thoughts (42.2% vs. 44%), anxiety (8% vs. 9.2%), subthreshold depression (33.2% vs. 34%) and depression (13.4% vs. 14.7%). The
prevalence of suicide attempts was 5.9% in the “invisible” group, 10.1% in the high-risk group and 1.7% in the low-risk group. The preva-
lence of all risk behaviors increased with age and most of them were significantly more frequent among boys. Girls were significantly more
likely to experience internalizing (emotional) psychiatric symptoms. The “invisible” group may represent an important new intervention tar-
get group for potentially reducing psychopathology and other untoward outcomes in adolescence, including suicidal behavior.
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Risk behaviors (1,2) and psychiatric symptoms (3,4) among
youth are a major public health concern. Adolescents estab-
lish patterns of behavior and make lifestyle choices that
affect both their current and future health and well-being
(5-8). It has been shown that some of these choices have a
strong association with mental disorders in adulthood
(9,10). Given the importance of this transitional period and
the acute need for targeted preventive efforts, it is essential
to gather information regarding the prevalence of both
healthy and risk behaviors, as well as psychiatric symptoms,
based on a robust methodology (6,11-14).

Detailed information regarding adolescent risk behaviors
is regularly collected in the United States through the Youth
Risk Behavior Surveillance System (YRBSS) for the purpose
of helping to shape policy and to identify areas for further
research. Data from the YRBSS indicate that many pupils
engage in behaviors that place them at risk for the leading
causes of morbidity and mortality (15,16). These include
tobacco, alcohol and substance use (17-19), underweight
(20), obesity (21), sedentary behavior (22), unhealthy sleep

patterns (23), and truancy (24). Many of these behaviors and
conditions frequently co-occur in the same individuals (25).
Similar information is not systematically collected and avail-
able for other regions of the world, including Europe.

The European School Survey Project on Alcohol and
Other Drugs (ESPAD, 26) and the European Monitoring
Centre for Drugs and Drug Addiction (27) regularly provide
European Union Member States with an overview of alcohol
and drug problems in the continent. However, these projects
focus primarily on substance abuse, with limited attention to
other risk behaviors and lifestyles. Studies that provide a
comprehensive picture of adolescent risk behaviors, there-
fore, are critically needed in Europe (25). There is also recent
evidence of an association in adolescents between mental
health status, risk behaviors and lifestyles (28-32). To date,
no comprehensive cross-national study has been conducted
to test associations between risk behaviors, lifestyles and
psychiatric symptoms in European adolescents.

The Saving and Empowering Young Lives in Europe
(SEYLE) project (33) was developed by a consortium of
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twelve European countries (Sweden, Austria, Estonia,
France, Germany, Hungary, Ireland, Israel, Italy, Romania,
Slovenia, Spain) and supported with funding by the Europe-
an Commission (grant agreement HEALTH-F2-2009-22309).
One of the aims of SEYLE was to gather information about
European adolescents’ health and well-being. Here we
report the main epidemiological findings regarding alcohol
and illegal drug use, smoking, sleep behavior, nutrition,
physical activity, and sensation seeking, including their
associations with self-destructive behaviors and psychiatric
symptoms. The hypothesis being tested was that the preva-
lence of these behaviors varies by age and gender and that
behaviors cluster in identifiable subgroups of adolescents
suitable for targeted intervention.

METHODS

High school pupils (N512,395; mean age 14.9160.90,
83 missing; M/F: 5,529/6,799, 67 missing) were recruited in
randomly selected schools (n5179) in eleven European
countries. At each country study site, a list of all eligible
schools was generated according to specific inclusion and
exclusion criteria (33). Ethical approval was obtained from
each local ethical committee. Data regarding the study sites,
the representativeness of the sample and consent/participa-
tion rates of schools and pupils were previously analysed,
showing that each study site is reasonably representative of
the respective country and that the external validity of the
sample is high (34).

A structured self-report questionnaire was administered
to adolescents in the participating schools. It covered socio-
demographic items, such as sex, age, country of birth of the
adolescent and his/her parents, parental employment sta-
tus, and belonging to a religious group. Risk behaviors were
assessed through the Global School-based Student Health
Survey (GSHS, 35), which is the international version of the
Youth Risk Behavior Survey questionnaire (36). Psychiatric
symptoms were assessed by the Beck Depression Inventory
(BDI-II, 37), the Zung Self-Rating Anxiety Scale (Z-SAS,
38), the Strengths and Difficulties Questionnaire (SDQ, 39),
the Paykel Suicide Scale (PSS, 40) and the Deliberate Self-
Harm Inventory (DSHI, 41). The officially translated and
validated versions of these instruments were used when
available. If the instruments were not available in the re-
quired language, they were translated (and back-translated)
and linguistically adapted. Internal reliability for all instru-
ments was assessed through Cronbach’s alpha, which was
high or very high for all of them (34). All the assessment
instruments were administered in a single classroom ses-
sion.

The GSHS items were recoded to identify nine areas of
risk behaviors: excessive alcohol use (drinks at least twice a
week), illegal drug use (used illegal drugs at least three times
during life), heavy smoking (smokes more than 5 cigarettes
per day), reduced sleep (sleeps 6 hours per night or less),

overweight (body mass index (BMI) above the 95th percen-
tile for age (42)), underweight (BMI below the 5th percen-
tile for age (42)), sedentary behavior (performs physical
activity less than once a week), high media use (uses Inter-
net, TV and videogames for reasons not related to school or
work for 5 hours or more per day), truancy (skips school at
least once a week without being ill or having another legiti-
mate excuse). A dichotomous variable was generated for
each risk behavior.

Psychopathological symptoms were recoded to stratify
pupils into dichotomous categories: subthreshold depres-
sion (BDI-II score <20 and positive on items assessing core
symptoms of depression, i.e., sadness and loss of pleasure
(43)); depression (BDI-II score� 20); anxiety (Z-SAS
score�60); subthreshold anxiety (Z-SAS score between 45
and 59 (43)); emotional symptoms (SDQ subscale�7);
conduct problems (SDQ subscale�5); hyperactivity (SDQ
subscale�7); peer problems (SDQ subscale�6), lack of
prosocial behavior (SDQ subscale�4); non-suicidal self-
injury (DSHI score�3); suicidal ideation (positive on at
least one PSS item); and suicide attempter (lifetime history
of suicide attempts). All psychopathological measures, with
the exception of lifetime suicide attempt, referred to the past
two weeks. All measures regarding risk behaviors and psy-
chopathology were further stratified by gender and age. On
the basis of the recruited sample, three age groups were
identified: 14 years or less (n54,007), 15 years (n55,350),
16 years or more (n52,955).

A chi-square test of independence was used to statistical-
ly define the differences between genders and age groups for
socio-demographics, risk behaviors and psychopathology.

Latent class analysis (LCA) was applied without any
a priori assumption about the nature of the latent categori-
zation, thus identifying and characterizing clusters of
pupils with similar risk behavior profiles. In order to ac-
count for the effect of age on different risk behaviors, a
latent class logistic regression (LCLR) test was used with
age as a covariate (44). The LCLR models were fitted start-
ing with a two-class model, increasing the number of clas-
ses up to four. The Bayesian information criterion (BIC)
was compared across models. The lowest BIC was used to
identify the most parsimonious and best fitting model.
LCLR was applied to the nine risk behaviors in a subsam-
ple of 9,035 pupils with no missing information for any risk
behaviors. A chi-square test was used to identify significant
differences in the socio-demographic and psychopatholo-
gy variables between the different latent classes of risk
identified by the LCA.

A multivariate multinomial logistic regression model
adjusted for gender and age group was developed to de-
scribe the relationship between belonging to a latent class,
selected as the dependent variable, and levels of psy-
chopathology.

For all analyses, a critical value of p<0.05 was considered
to be statistically significant. All statistical analyses were run
in STATA IC 9.0 for Windows.
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RESULTS

Risk behaviors

The prevalence of the nine identified areas of risk behav-
iors is reported in Table 1.

Less than ten percent (8.2%) of adolescents reported
drinking alcohol at least twice a week. More than one-third
(35.9%) of those who reported drinking had at least three
drinks in one sitting; 14.2% reported having experienced
being “really drunk”, and 7.7% reported having had a hang-
over. Alcohol use was higher among males and increased
significantly with age.

Less than five percent (4.5%) of the total sample reported
having used illegal drugs three times or more during their
lifetime. Illegal drug use was higher among males and
increased with age. More than ten percent (10.7%) of the
sample reported smoking at least 5 cigarettes per day and
more than forty-five percent (45.8%) reported smoking cig-
arettes at least once in their lifetime. Slightly more than ten
percent (10.3%) of the sample reported having started
smoking when they were eleven years old or younger.

More than fifteen percent (15.5%) of the adolescents
reported sleeping 6 hours per day or less. Reduced sleep was
more frequent among females and among older age pupils.
More than forty percent (41.8%) reported sleeping less than
8 hours per day; slightly more than one-third (34.2%)
reported waking up often or being always tired in the morn-
ing, a finding significantly more common among females
(37.1% vs. 31.7%, p<0.05); approximately twenty-five per-
cent (25.4%) of adolescents reported the habit of taking a
nap in the afternoon, with a statistically significant higher
prevalence among females than males (27.8% vs. 23.4%,
p<0.05).

More than three percent (3.5%) of pupils had a BMI
above the 95th percentile for age (42), with the prevalence
of overweight being higher among males and increasing
with age. Three percent (3.1%) of adolescents had a BMI
below the 5th percentile for age (42), with no significant
gender or age differences. More than one fourth (26.5%) of
the sample did not regularly have breakfast, a behavior sig-
nificantly more common in females than males (30.8% vs.
21.2%, p<0.05). Six percent (6.1%) reported never eating
fruit or vegetables, while 62.5% reported eating them at least
once every day. Less than twenty percent (18.5%) reported
performing physical activity less than once a week. Seden-
tary behavior was more common among females and
increased with age. More than two thirds (68.8%) of the
adolescents reported performing sports on a regular basis,
with a significant gender difference (77.3% males vs. 61.8%
females, p<0.05).

Approximately ten percent (10.1%) of the adolescents
reported spending at least 5 hours per day watching TV,
playing videogames or surfing the Internet for reasons not
related to school or work. This percentage was significantly
higher in males and increased with age. Almost seventy-five
percent (74.5%) of the adolescents reported using their own
computer to surf the Internet, while 2.5% of the sample
reported having never used the Internet.

Less than four percent (3.8%) of the adolescents reported
often missing school without permission. This behavior was
significantly more frequent among older pupils and among
males. Ten percent (10.4%) reported having been in a physi-
cal fight in the past 12 months and almost half of them
(45.2%) reported having started the fight. Approximately
one-sixth (16.9%) of the pupils reported having been a pas-
senger in a vehicle with a driver who had been drinking.
Ten percent of the 14-year olds, 19% of the 15-year olds and

Table 1 Prevalence (%) of risk behaviors in the adolescent sample

14 years and below (n54,007) 15 years (n55,350) 16 years and above (n52,955) All age groups (n512,328)

Male

(n51,833)

Female

(n52,167)

Both

genders

Male

(n52,183)

Female

(n53,160)

Both

genders

Male

(n51,490)

Female

(n51,456)

Both

genders

Male

(n55,529)

Female

(n56,799)

Both

genders

Excessive

alcohol use

6.4* 4.1 5.2** 10.0* 5.3 7.3 17.7* 10.2 14.1 10.9* 6.0 8.2

Illegal drug use 3.2* 2.0 2.6** 5.8* 2.7 3.9 8.6 7.8 8.2 5.7* 3.6 4.5

Heavy smoking 4.6 6.1 5.4** 10.5* 8.0 9.0 25.0* 16.7 21.0 12.4* 9.2 10.7

Reduced sleep 9.7* 14.6 12.3** 11.4* 17.6 15.1 19.9 21.4 20.7 13.1* 17.4 15.5

Overweight 4.8* 2.5 3.5** 5.4* 1.6 3.1 6.1* 2.3 4.2 5.4* 2.0 3.5

Underweight 3.0 2.8 2.9 3.6 2.4 2.9 4.1 3.4 3.8 3.5 2.8 3.1

Sedentary

behavior

9.4* 16.8 13.5** 14.2* 23.4 19.6 17.7* 29.3 23.5 13.6* 22.6 18.5

High media

use

10.8* 7.2 8.8** 10.6* 8.8 9.6 14.1* 11.3 12.7 11.7* 8.8 10.1

Truancy 2.8* 1.9 2.3** 4.2* 2.3 3.1 9.3* 4.5 7.0 5.1* 2.6 3.8

*Significant difference between males and females of the same age (p<0.05), **significant difference across ages in both genders (p<0.05)
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42.9% of the 16-year olds reported having had a sexual
intercourse, with a significantly higher prevalence among
males in each age group. Less than four percent (3.3%) of
those engaging in sexual intercourse reported never or
seldom having used a condom, with no significant age
differences.

Psychiatric symptoms

The prevalence of psychiatric symptoms is reported in
Table 2.

Approximately one third (30.4%) of pupils experienced
subthreshold depression, with girls having a significantly
higher prevalence than boys (34.2% vs. 25.8%, p<0.05).
Approximately eight percent (8.1%) of the sample was cate-
gorized as depressed, with a significantly higher prevalence
in females (10.6% vs. 4.9%, p<0.05). The prevalence of
depressive symptoms increased with age.

More than twenty percent (23.3%) of pupils experienced
subthreshold anxiety, with the prevalence increasing with
age and being significantly higher among females (29.5% vs.
15.8%, p<0.05). Almost five percent (4.7%) of pupils re-
ported severe to extreme anxiety, with the prevalence in-
creasing with age and being significantly higher among girls
(6.6% vs. 2.3%, p<0.05).

Emotional symptoms were reported by 7.5% of the sam-
ple. Their prevalence increased with age and was signifi-
cantly higher among girls (11.2% vs. 3.0%, p<0.05).

Conduct problems occurred in 10.3% of the sample.
Their prevalence increased with age and was significantly
higher among boys (12.5% vs. 8.4%, p<0.05). Symptoms of
hyperactivity were present in 9.4% of the pupils and did not
differ significantly by gender.

More than three percent (3.6%) of the sample experi-
enced peer problems; the prevalence increased with age and
was significantly higher among boys (4.4% vs. 2.9%,
p<0.05). Nearly seven percent (6.9%) of the sample
reported lack of prosocial behavior; the prevalence in-
creased with age and was significantly higher among boys
(10.6% vs. 3.9%, p<0.05).

Suicidal ideation was present in approximately one third
of the sample (32.3%), with a significantly higher prevalence
in older pupils and among girls (38.7% vs. 24.5%, p<0.05).
More than four percent (4.2%) of the sample reported
attempting suicide during their lifetime, with a significantly
higher prevalence among girls (5.1% vs. 3.0%, p<0.05). The
frequency of suicide attempts for both genders increased
with age.

Classes identified through LCA and their correlates

LCLR models were fitted to the nine risk behaviors
reported above. A three-class model best fit the data. Figure
1 presents the patterns of response probability profiles for
each of the three classes. The first class (“low-risk”), com-
prising 57.8% of the sample (M/F52,557/3,497), included

Table 2 Prevalence (%) of psychiatric symptoms in the adolescent sample

14 years and below (n54.007) 15 years (n55.350) 16 years and above (n52.955) All age groups (n512.328)

Male

(n51,833)

Female

(n52,167)

Both

genders

Male

(n52,183)

Female

(n53,160)

Both

genders

Male

(n51,490)

Female

(n51,456)

Both

genders

Male

(n55,529)

Female

(n56,799)

Both

genders

Subthreshold

depression

25.7* 32.0 29.1** 24.8* 35.4 31.1 27.1* 35.0 31.0 25.8 34.2 30.4

Depression 3.8* 9.2 6.7** 4.2* 10.6 8.0 7.4* 12.8 10.1 4.9 10.6 8.1

Subthreshold

anxiety

14.0* 26.6 20.8** 14.7* 30.8 24.2 19.7* 31.1 25.3 15.8 29.5 23.3

Anxiety 1.6* 4.6 3.2** 2.4* 6.9 5.1 3.2* 8.8 6.0 2.3 6.6 4.7

Emotional

symptoms

3.0* 9.9 6.7** 2.3* 11.0 7.4 4.3* 13.6 8.9 3.0 11.2 7.5

Conduct problems 10.7* 7.5 9.0** 11.4* 8.6 9.8 16.1* 9.3 12.7 12.5 8.4 10.3

Hyperactivity 10.9 9.1 9.9 8.6 9.0 8.8 9.6 9.8 9.6 9.6 9.2 9.4

Peer problems 3.1 2.7 2.9** 3.7* 2.7 3.1 7.0* 3.3 5.1 4.4 2.9 3.6

Lack of prosocial

behavior

9.5* 3.1 6.0** 9.9* 4.0 6.5 12.7* 4.7 8.7 10.6 3.9 6.9

Non-suicidal

self-injury

6.8* 10.7 8.9** 7.6 8.8 8.3 9.7 12.2 11.0 7.9 10.2 9.1

Suicidal ideation 21.2* 35.4 28.9** 23.5* 39.3 32.8 30.1* 42.5 36.2 24.5 38.7 32.3

Suicide attempts 2.2* 4.2 3.3** 2.8* 4.7 3.9 4.1* 7.5 5.8 3.0 5.1 4.2

*Significant difference between males and females of the same age (p<0.05), **significant difference across ages in both genders (p<0.05)
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students with no or very low frequency of risk behaviors.
The second class (“high-risk”), comprising 13.2% of the
sample (M/F5622/562), included pupils who scored high
on all risk behaviors. The third class, comprising 29% of the
sample (M/F5687/1,109), included pupils who were posi-
tive for high media use, sedentary behavior and reduced
sleep. This class was labelled “invisible risk”, as these behav-
iors are generally not obvious or recognized by observers,
including parents and teachers, to be associated with mental
health problems.

Table 3 describes the relationship between the classes
identified through LCA and socio-demographic variables.
The percentage of pupils not born in the study site country
was significantly higher in the high-risk compared to both

the invisible- and the low-risk groups (10.0% vs. 6.9% and
4.8%, p<0.05). A similar pattern was observed for pupils
with parents not born in the study site country. Having
someone in the family who had lost his/her job during the
previous year was significantly more frequent in the high-
and invisible-risk groups than in the low-risk one (11.6%
and 12.1% vs. 8.3%, p<0.05). Living with a single parent
was significantly more frequent in the high-risk than in the
invisible-risk group (31.1% vs. 23.6%, p<0.05).

Figure 1 Results of the latent class analysis

Table 3 Socio-demographic features (%) by latent class risk
groups

Socio-demographic

features

Low-risk class

n56,054

(M/F52,557/

3,497)

High-risk class

n51,184

(M/F5622/

562)

Invisible-risk

class, n51,796

(M/F5687/

1,109)

Females* 57.8 47.5 61.8

Not born in the country* 4.8 10.0 6.9

Parents not born in

the country*

15.1 27.0 20.6

Doesn’t belong to a

religious denomination

31.2 34.0 31.3

Someone in your family

lost job last year**

8.3 11.6 12.1

Single parent household* 17.5 31.1 23.6

*The three groups differ significantly from each other (p<0.05), **the high-risk

and the invisible-risk groups differ significantly from the low-risk group (p<

0.05)

Table 4 Psychiatric symptoms (%) by latent class risk groups

Psychiatric symptoms

Low-risk

class, n56,054

(M/F52,557/

3,497)

High-risk

class, n51,184

(M/F5622/

562)

Invisible-risk

class, n51,796

(M/F5687/

1,109)

Subthreshold depression** 29.4 34.0 33.2

Depression** 4.2 14.7 13.4

Subthreshold anxiety** 19.0 31.3 31.0

Anxiety** 2.5 9.2 8.0

Emotional symptoms* 5.8 9.0 11.6

Conduct problems* 6.4 23.2 11.5

Hyperactivity* 6.1 18.6 11.8

Peer problems*** 2.3 3.0 5.0

Lack of prosocial behavior** 4.5 9.9 8.1

Non-suicidal self-injury* 5.5 22.3 12.4

Suicidal ideation** 27.1 44.0 42.2

Suicide attempter* 1.7 10.1 5.9

*The three groups differ significantly from each other (p<0.05), **the high-risk

and the invisible-risk groups differ significantly from the low-risk group (p<

0.05), ***the low-risk and the invisible-risk groups differ significantly from the

high-risk group (p<0.05)
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As shown in Table 4, the prevalence of depressive and
anxiety symptoms (both severe and subthreshold) and of
suicidal ideation was very similar in the invisible- and the
high-risk groups, and significantly higher in each of these
groups compared with the low-risk one (p<0.05). Emotion-
al symptoms and peer problems were significantly more
prevalent in the invisible-risk than in the high-risk group,
and more frequent in both these groups than in the low-risk
one (p<0.05). Conduct problems, hyperactivity, non-suicid-
al self-injury and lifetime suicide attempts were significantly
more prevalent in the high-risk group compared with both
the invisible- and the low-risk ones (p<0.05).

Multivariate multinomial logistic regression

Results from the multivariate multinomial logistic regres-
sion model of psychiatric symptoms and latent classes,
adjusted for gender and age, are presented in Table 5. Symp-
toms of depression, anxiety, lack of prosocial behavior and
suicidal ideation were associated with significant and simi-
larly increased relative risk ratios of being in both the invisi-
ble- and the high-risk groups. Having symptoms of hyperac-
tivity, non-suicidal self-injury or having attempted suicide
were associated with significantly increased relative risk
ratios of being in the high-risk group and, even if at a lower
level, of being in the invisible-risk group.

DISCUSSION

The results of this study indicate that the prevalence of
risk behaviors and psychopathology among European ado-
lescents is relatively high. Almost all studied risk behaviors
show an increase with age and most of them are significant-
ly more frequent among boys. The only exceptions are
sedentary behavior and reduced sleep, which are more fre-
quent among girls, who also have more internalizing (emo-
tional) psychiatric symptoms, such as depression, anxiety
and suicidal ideation.

In this large sample, LCA identified three groups of ado-
lescents. The first group, representing 13.2% of the adoles-
cents, scored high on all examined risk behaviors and can
be called “high-risk group”. Most interventions today target
this population (45,46). The largest group, comprising al-
most two thirds (57.8%) of the adolescents, scored low on
most risk behaviors and has accordingly been called “low-
risk group”. Even pupils in this low-risk group, however,
reported suicide attempts (1.7%), suicidal ideation (27%),
subthreshold depression (29%) and subthreshold anxiety
(19%). These findings highlight the need for large-scale pre-
ventive interventions and outreach in schools, as reported
in previous studies (43,47).

Most importantly, this study also identified, for the first
time, a third group labelled the “invisible-risk” group, which
includes 29% of the adolescents. These pupils clustered on
three specific risk behaviors (reduced sleep, low physical
activity and high media use), while simultaneously having
significantly increased prevalence of psychiatric symptoms.
The level of psychiatric symptoms found in this “invisible”
group is, in many cases, very similar to the high-risk group.
The group includes adolescents who spend an excessive
amount of time watching TV, being on the Internet or play-
ing videogames, including going to sleep late in order to pro-
long the use of these media activities and who, perhaps as a
direct consequence, neglect other healthy activities such as
sports. Adult observers (e.g., parents, teachers and mental
health professionals) do not generally perceive these behav-
iors as particularly harmful or reasons for concern. Never-
theless, the high- and the invisible-risk groups have a very
similar prevalence of depressive symptoms, anxiety symp-
toms and suicidal thoughts. In comparison with pupils in
the high-risk group, those in the invisible-risk group have a
higher prevalence of emotional symptoms and peer prob-
lems but a lower prevalence of conduct problems and hy-
peractivity. The differences between the high- and invisible-
risk groups do not depend on gender representation in these
groups, as multivariate analyses indicated that these associa-
tions remained significant when adjusting for age and gen-
der.

Adolescents in the invisible- and high-risk groups have
different patterns compared with the low-risk group con-
cerning country of origin (adolescent or one of his/her
parents born outside study site country), belonging to a sin-
gle parent household, or a family where a parent lost his/her

Table 5 Results of multivariate multinomial logistic regression of
latent class variables by gender, age group and psychopathologi-
cal scores (n58,579)

Invisible-risk vs.

low-risk class

High-risk vs.

low-risk class

RRR (95% CI) RRR (95% CI)

Gender (male/female) 0.95 (0.84, 1.08) 0.51* (0.44, 0.60)

Age group 15 years/

14 years or younger

2.41* (2.08, 2.79) 4.50* (3.55, 5.69)

Age group 16 years or

older/14 years or younger

7.88* (6.67, 9.30) 27.62* (21.66, 35.23)

Subthreshold depression 1.10 (0.96, 1.27) 1.21* (1.02, 1.43)

Depression 1.97* (1.50, 2.58) 1.82* (1.30, 2.53)

Subthreshold anxiety 1.62* (1.40, 1.88) 1.58* (1.32, 1.90)

Anxiety 1.81* (1.31, 2.52) 1.93* (1.31, 2.86)

Emotional symptoms 0.80 (0.63, 1.02) 0.47* (0.34, 0.65)

Conduct problems 1.24 (1.00, 1.52) 2.74* (2.21, 3.40)

Hyperactivity 1.59* (1.29, 1.95) 2.49* (1.99, 3.13)

Peer problems 1.23 (0.89, 1.70) 0.47* (0.29, 0.74)

Lack of prosocial behavior 1.60* (1.26, 1.74) 1.54* (1.17, 2.03)

Non-suicidal self-injury 1.40* (1.13, 1.74) 2.99* (2.37, 3.79)

Suicidal ideation 1.29* (1.12, 1.48) 1.30* (1.09, 1.55)

Suicide attempter 1.69* (1.22, 2.35) 2.62* (1.83, 3.74)

RRR – relative risk ratio, *p50.05 (two-tailed tests)
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job in the previous year. Interestingly, belonging to a religious
denomination (as perceived by adolescents), which is gener-
ally considered protective (48), did not confer any difference
in risk group membership. These findings suggest that adoles-
cents in the invisible group may more likely have a lower
socioeconomic status and thus, perhaps, be even more invisi-
ble to existing interventions and outreach activities.

A major strength of this study is the large sample of ado-
lescents (n512,395), recruited from randomly selected
schools across study sites in eleven European countries,
which are reasonably representative of the respective Euro-
pean country (34). The students were recruited and evaluat-
ed with homogeneous procedures across countries in terms
of inclusion and exclusion criteria and outcome measures.
Furthermore, the study comprised a very large geographic
area. One potential limitation of this study is that all data
were collected through self-report. Although it has been
shown that data acquired through self-report are reasonably
reliable (36,49,50), the prevalence of risk behaviors and psy-
chopathology may have been underestimated. Another limi-
tation is that only one site per country was chosen for study
participation. Even though study sites were shown to be rea-
sonably representative of the respective country, inclusion
of more than one site per country might have improved
representation of the urban and rural areas and possibly
allowed stratification of risk groups by population density.

The results of this study are in agreement with the classi-
cal distinction between internalizing and externalizing dis-
orders (51), with the former (emotional) being more com-
mon among girls and the latter (behavioral) among boys.
Similar patterns of age- and gender- related differences have
been previously reported in American studies, such as the
Study of Disruptive Behavior Disorders in Puerto Rican
Youth (5), the NIMH Methods for the Epidemiology of
Child and Adolescent Mental Disorders (MECA) Study
(13) and the YRBSS (15). Until now, investigations con-
ducted in Europe, such as the ESPAD study (26), focused
exclusively on substance abuse and did not include a wider
range of risk behaviors as in the SEYLE study. Regarding
substance abuse, however, SEYLE results are in line with
previous findings, confirming the high burden of substance
abuse among European adolescents and its relationship
with various types of psychopathology (52). In general,
SEYLE results indicate that it would be a great advantage to
establish within Europe a system to routinely collect data
regarding adolescents’ mental health and lifestyles, as regu-
larly done in the United States with the YRBSS.

Because specific age- and gender-related differences
change over time, monitoring them may have important im-
plications for the prevention of risk behaviors. The increase
in risk behaviors and psychopathology by age, as observed
in this study, is very steep but in agreement with other inves-
tigations (53,54). Importantly, in the SEYLE data, a simulta-
neous increase in the prevalence of each assessed risk
behavior was observed for each single increase in years of
age. However, data about the longitudinal life-time trajecto-

ry of these risk behaviors and their predictive value and
potential consequences for subsequent psychopathological
and psychosocial outcomes are not yet available. Nonethe-
less, the cross-sectional correlations between the high- and
invisible-risk groups and psychopathological variables, as
presented here, warrant the development of systematic psy-
chosocial support and intervention for these pupils.

In summary, the results of this study confirm the need for
early prevention and intervention in the mental health field
(55,56). The most common risk behaviors among girls are a
reduced number of hours of sleep and a sedentary lifestyle,
while drug and alcohol use are more common among boys.
Thus, preventive interventions should be tailored specifi-
cally for boys and girls. The most important findings of this
study arise from the LCA. In addition to the classical low-
and high- risk groups, we identified a third group, account-
ing for almost one third of the adolescents, who engage in
behaviors that are easily overlooked as they are generally
not perceived by adults, including mental health profession-
als, as troublesome. Pupils in this invisible-risk group show
high rates of depression, anxiety and suicidal ideation,
which are at the same level as among pupils belonging to
the high-risk group. While most parents, teachers and clini-
cians would react to an adolescent using drugs or getting
drunk, they may easily overlook adolescents engaging in
unobtrusive behaviors such as watching too much TV, not
playing sports, or sleeping too little. The causality of the rela-
tionships between these risk behaviors and psychopatholo-
gy remains unclear. However, common psychiatric disor-
ders, such as depression, are already known to often show
bidirectional relationships with reduced sleep (57), low lev-
els of activity (58) and high media consumption (59). Thus,
our findings have implications for gatekeepers delivering
information and education about adolescent health and life-
style to pupils and parents, as well as for policy makers and
clinicians. While discussions with adolescents often focus
on substance abuse and delinquency, the risk behaviors
identified here need to be considered, and special attention
given to encouraging sufficient sleep, participation in sports
and using new media moderately.

These data afforded a unique opportunity to profile typi-
cal schools throughout Europe serving regular pupils. How-
ever, a number of unanswered questions remain. For exam-
ple, not having more specific individual socio-economic
data on the participating adolescents precluded better iden-
tification of the relationship of these factors with risk behav-
iors and psychiatric symptoms. An epidemiologic house-
hold study should be conducted, including detailed socio-
economic data collection, to help explore the correlations
between psychopathology, risk behaviors and the general
socio-economic status. Moreover, this study evaluated
psychiatric symptoms cross-sectionally in the general
population through psychometric self-report instruments.
Diagnostic interviews would allow a better understanding
of the relationship between psychiatric disorders and risk
behaviors.
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Regardless of these limitations, the SEYLE study estab-
lished an important multi-national cohort of European ado-
lescents that ideally will be studied longitudinally, in order
to identify the trajectories from risk behaviors to psychopa-
thology and thus help to elucidate causality. Such a study
would also allow for the assessment of the course and prog-
nostic trajectories of various adolescent risk behaviors.
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