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Objective: The social etiology of adolescent injury remains poorly understood. The Population Health
Framework suggests that the etiology of adolescent injury involves inferactions between individual risk
factors and the natures of adolescent environments. The purpose of this study was to apply this framework
to examination of relationships between adolescent risk taking and injury, and the potential modifying
effects of supportive home and school environments.

Methods: The analysis was conducted in a representative sample of 7235 males and females (10-
16 years old) from Canada. Results were based on records from the 2001/02 World Health
Organization Health Behaviour in School-Aged Children Survey. Individual items and factor analytically
derived scales were used to describe and then model injury outcomes, risk behaviors, perceived home,
and school climates, and the relationships between these variables in a theory driven etiological analysis.
Results: Adolescents with supportive home and school environments experienced lower relative odds of
engagement in risk taking behavior and lower relative odds of injury. Gradients were observed between
the extent of adolescent risk taking and the occurrence of injury. Interactions were not observed between
risk taking behavior, perceived support in home and school climates, and injury.

Conclusions: Risk taking is common among adolescents and plays a role in the etiology of injury.
Supportive social climates clearly protect adolescents from engaging in these behaviors, and also the
occurrence of some forms of injury. However, once an adolescent chooses to engage in risk taking

suggests that the etiology of adolescent injury involves

interactions between individual risk factors and the
environments in which children live.! The exact nature and
effects of these interactions remain poorly understood. Study
of these interactions is likely to lead to advances in
understanding about injury etiology as much of the existing
literature is based upon conventional risk factor analyses of
an atheoretical nature.

Adolescent risk taking has been identified as a leading
determinant of injury. Multiple risk behavior (the simulta-
neous engagement in overt risks such as smoking, drug and
alcohol use, and truancy)’ is an established individual risk
factor for adolescent injury that exists independently of other
fundamental risk factors’” including socioeconomic status.®
The multiple risk behavior and adolescent injury relationship
has been observed consistently across groups defined by
demographics,’ different injury types,* and nationalities’ The
conceptualization of risk behavior as a multiple risk concept
mirrors concepts such as sensation seeking and antisocial
behavior that are prominent in the behavioral literature.”

At an environmental level, supportive social climates can
minimize engagement in risk taking and may also protect
adolescents from the occurrence of injury.* In addition,
supportive social environments possibly mitigate the strength
of associations between risk behavior and injury. Some
adolescent social environments (for example, homes,
schools) are especially modifiable through policy and other
preventive strategies.” '

We had the opportunity to use a large national survey to
simultaneously examine individual (multiple risk behavior)
and environmental (perceived social climates) risk factors for
adolescent injury, and their potential interactive effects. We

The population health approach to the study of injury

behaviour, a supportive environment may not protect them from injury.

hypothesized the following: (1) perceived climatic support at
home and school is inversely associated with adolescent
engagement in risk behaviors; (2) perceived climatic support
at home and school is inversely associated with the
occurrence of various types of adolescent injury; (3) interac-
tions exist between risk behaviors, social climate, and injury
such that high perceived levels of climatic support attenuate
associations between risk behaviors and the occurrence of
injury.

METHODS

Study population and procedures

The study was based on Canadian records (n = 7235) from
the Health Behaviour in School-Aged Children Survey (HBSC), a
World Health Organization collaborative cross national
study." School based anonymous surveys were conducted
during the 2001-02 academic year according to a common
international protocol.”” Schools and then school classes
(grades 6-10) were selected for study using a weighted
probability technique to ensure that the sample was
representative by regional geography and key demographic
features (religion, community size, school size, language of
instruction)." * The sample size was sufficient to provide
confidence intervals of +/— 3% for national estimates with
sample design effects no more than 1.4 times greater than
would be obtained from a simple random sample."”
Institutional ethics approval was obtained from the Queen’s
University General Research Ethics Board.

Abbreviations: HBSC, Health Behaviour in School Aged Children
Survey; RMSEA, root mean square error of approximation.
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Measures

Variables used in this study were obtained from the self-
report questionnaire consisting of 122 core questions.
Individual items and factor analytically derived scales were
used to describe and model injury outcomes, risk behaviors,
perceived home and school climates, and the relationships
between these variables in a theory driven -etiological
analysis. For statistical modeling purposes, items were
organized conceptually according to a variation of the
population health framework (see fig 1).'

Injuries

Participants were asked to report the frequency of all injury
events during the 12 months prior to the survey that required
medical attention from a doctor or a nurse. Additional
questions identified specific types of injury by severity (for
example, hospital admissions) and location of injury (for
example, home and school injuries).

Risk behaviors

Common risk behaviors were documented as follows: current
smoking (four response categories: smoke every day through I
do not smoke), drunkenness during lifetime (five categories:
never through more than 10 times), current use of seatbelts
(five categories: always through never), cannabis use during
lifetime (seven categories; never through 40 or more times),
other illicit drug use (for example, ecstasy, cocaine, LSD)
during lifetime (seven categories, never through 40 or more
times), non-use of condoms during most recent sexual
intercourse (three categories: never had sexual intercourse, yes,
no). Participant responses for each item were classified into
three categories corresponding to frequency of engagement in
the risk behavior (never, occasional, frequent). These reclassified
measures were converted into a factor analytically derived
scale that describes engagement in multiple risk behavior
(see below).*

Perceived home and school climates

HBSC contains a series of questions describing perceptions
about home and school settings."”'* These were rated by
students using five-point Likert scales, with response options
of (1) strongly agree through (5) strongly disagree. Examples of
individual home climate items included students’ opinions
about parental understanding, parental trust, ease of com-
munication with parents, and happiness of home life.
Examples of school climate items included perceptions of
safety at school, adolescents’ sense of belonging at school, the
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fairness of school rules, and the school atmosphere.
Confirmatory factor analyses were also used to construct a
series of factors that reflected home and school climates,
respectively. Following their construction, participant scores
for individual scales indicated by these factors were
categorized into three levels (high, medium, low levels of
support) based upon mean values of items included in the
scales.

Scale confirmation

Maximum likelihood factor analyses were run with oblique
rotations using SPSS (version 12.0 for Windows). Model fit
was determined using the Scree plot, the interpretability of
the pattern matrix, and the value of the root mean square
error of approximation (RMSEA). RMSEA values of 0.085 or
less were considered an acceptable fit; values of 0.086 to 0.10
were considered marginal fits. Following the exploratory
factor analyses, confirmatory factor analyses with the
maximum likelihood method of estimation were run in
LISREL (version 8.0). Four goodness of fit indices were used
to evaluate the tested models.

For the multiple risk behavior scale, exploratory analyses
indicated a one-factor model that included the six risk
behavior items as the best fit, with an RMSEA = 0.082
(CI=0.070 to 0.095). The confirmatory factor analysis
indicated an acceptable fit (for example, RMSEA = 0.085).
Exploratory analysis for the home climate scales indicated a
three-factor model as the best fit, with an RMSEA = 0.059
(CI=0.056 to 0.062). The factor (six item scale) used in
subsequent analyses captured parent/student trust, commu-
nication, support, and happiness at home. The confirmatory
factor analysis indicated an acceptable fit (for example,
RMSEA = 0.058). Exploratory analyses for the school climate
scales indicated a four-factor model, with an RMSEA = 0.035
(CI=0.033 to 0.037). The factor (four item scale) used
subsequently captured the concept of fairness and safety at
school. The confirmatory factor analysis indicated an
acceptable fit (for example, RMSEA = 0.051).

Confounders

Items treated as confounding variables included standard
demographic measures (sex, grade level), physical activity
(using a scale developed by Prochaska'’), and two measures
of socioeconomic status (self-rated family affluence' a
measure of food poverty as indicated by going to bed or school
hungry). Inclusion of these variables was based upon existing

Exposures Covariates

Risk behavior:
Individual behaviors
Multiple risk behavior

\

Effect modifiers (settings):
Home climate
School climate

Confounders:
Demographics
Socioeconomic status
Biological measures
Physical sctivity

www.injuryprevention.com

o Figure 1  Theoretical basis for
e nes modeling, based on the Population
Health Framework.
Injury:

All medically treated

Hospitalized

Home

School



http://injuryprevention.bmj.com

Downloaded from injuryprevention.omj.com on 17 August 2009

Risk behavior, social context, and adolescent injury

89

Table 1  Prevalence of individual and multiple risk behaviors among students in grades 610, stratified by perceived climate at
home and school
Prevalence of frequent engagement in risk behaviour, by perceived climate (prevalence; % (SE))
Grades 6-8 Grades 9-10

Setting: risk behavior High support ~ Medium support Low support  High support Medium support Low support

Home (n=3726) (n=904) (n=199) (n=1506) (n=685) (n=187)
Multiple risk behavior 2.9 (0.3) 7.6 (1.0) 20.9 (3.4) 9.4 (0.9) 20.1 (1.8) 33.9 (4.1)
Smoking 1.5 (0.2) 3.8 (0.7) 13.9 (2.9) 7.0 (0.7) 13.5 (1.5) 24.7 (3.7)
Drunkenness 57 (0.5) 13.2 (1.3) 29.4 (3.8) 31.3 (1.4) 42.8 (2.2) 61.2 (4.2)
Nerues @ sexissls 94 (0.6) 136 (1.3) 291 (38 134 (1.0) 188 (17) 276 (39)
Cannabis use - - - 21.6 (1.2) 36.7 (2.2) 56.1 (4.3)
Other drug use - - - 54 (0.6) 12.3 (1.5) 23.0 (3.6)
Non-use of condoms - - - 4.5 (0.6) 7.9 (1.2) 17.5 (3.3)

School (n=2381) (n=1578) (n=697) (n=1033) (n=699) (n=272)
Multiple risk behavior 20 (0.3) 4.6 (0.6) 125 (1.5) 9.1 (1.0) 15.0 (1.6) 28.8 (3.2)
Smoking 12 (020 26 (04 59 (1.0) 54 (0.8) 109 (1.4 232 (3.0
Drunkenness 4.2 (0.4) 9.1 (0.8) 183 (1.7) 29.9 (1.7) 39.4 (2.2) 53.3 (3.6)
P e 74 (0.6) 118 (09 202 (1.8 116 (1.1 173 (17) 264 (32
Cannabis use - - - 21.7 (1.5) 31.2 (2.1) 43.8 (3.6)
Other drug use - - - 4.2 (0.7) 8.9 (1.2) 21.8 (3.0)
Non-use of condoms - - - 4.5 (0.7) 6.8 (1.1) 11.7  (2.3)

—, HBSC items were not assessed in this age group.

etiological literature>* '” and a priori arguments surrounding

the epidemiological definition of confounding.'®

Analyses

Descriptive analyses were used to estimate the prevalence of
frequent engagement in individual risk behaviors (six types)
then frequent engagement in multiple risk behavior, strati-
fied by perceived level of climatic support (high, medium, low
support) and grade level (6-8, 9-10). Multiple logistic
regression analyses, with adjustment of standard errors
surrounding B-coefficients for clustering (design effect of
1.2)," > were used to estimate the adjusted relative odds for
frequent engagement in the risk behaviors by perceived
climate within grades. Similar analyses (descriptive, logistic
regression) were then used to estimate the prevalence and
relative odds of different types of injury by perceived level of
climatic support and grade. We then applied our theoretical
framework (fig 1) to examine potential interactions between
multiple risk behavior and the occurrence of various types of
injury, stratified by climate (high v medium/low support) and
grade level (6-8, 9-10). Statistical interactions between
perceived level of climatic support (continuous scale), multi-
ple risk behavior (continuous scale), and injury (dichoto-
mous outcomes) were also assessed by including a product
term in the multiple logistic regression models. This analysis
was used to investigate the protective roles of home and
school settings as potential modifiers of associations between

engagement in risk taking and the occurrence of injury. All
analyses were performed in SPSS (version 12.0, Chicago, IL,
USA).

RESULTS

Sample

A total of 7235 children participated in the 2001/02 Canadian
HBSC, of which 4851 were in grades 6-8 and 2384 in grades
9-10. 74.2% of the students selected for the study completed
the questionnaire, and their demographic profile was
representative of Canadians in the same age range."” 6757
and 7106 records with complete information on key
exposures, outcomes, and covariates were included in the
home and school etiological analyses, respectively (comple-
tion rates of some of the more sensitive (for example, home
climate) items were modestly lower than other items).

Perceived climate and risk behavior

Prevalence of engagement in risk behaviour varied by grade
level, and levels of support at home and at school. This
finding was true for each of the six individual risk behaviors
under study, as well as for the multiple risk behavior scale
(table 1). The strength and consistency of the observed
gradients in risk behavior by perceived level of climatic
support was further illustrated in the multiple logistic
regression analysis (see online table A at http://www.
injuryprevention.com/supplemental). For both home and

Table 2 Prevalence of injury among students in grades 6-10, stratified by perceived climate at home and school
Prevalence of injury, by perceived climate (prevalence; % (SE))
Grades 6-8 Grades 9-10
Setting: injury type High support Medium support Low support High support Medium support Low support
Home (n=3276) (n=904) (n=199) (n=1506) (n=685) (n=187)
Any medically treated 530 (1.0) 565 (1.9 618 (41) 558 (1.5) 530 (22) 503 (4.3)
Hospitalized 3.6 (0.3) 3.6 (0.7) 7.5 (2.2) 3.1 (0.5) 22 (0.6) 7.5 (2.3)
Home 13.0 (0.7) 15.4  (1.4) 19.2 (3.3) 10.1 (0.9) 11.6 (1.4) 14.5 (3.0)
School 10.7 (0.6) 131 (1.3) 11.9 (2.7) 10.5 (0.9) 11.0 (1.4) 9.8 (2.6)
School (n=2443) (n=1600) (n=708) (n=1143) (n=828) (n=384)
Any medically treated 52.1 (1.2) 53.9 (1.4) 61.0 (2.1) 54.3 (1.7) 527 (2.0) 58.9 (3.0)
Hospitalized 3.4 (0.4) 3.5 (0.5) 5.6 (1.0) 2.6 (0.5) 3.0 (0.7) 4.9 (1.3)
Home 12.9 (0.8) 14.0 (1.0 15.8 (1.6) 9.9 (1.0) 10.6 (1.2) 13.6 (2.0)
School 9.9 (0.7) 11.3  (0.9) 14.7 (1.5) 10.3 (1.0) 9.9 (1.2) 13.9 (2.1)
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Table 3 Associations between multiple risk behavior and injury among students in grades 6-10, stratified by perceived
climate at home and school

Relative odds of injury by frequency of risk taking (adjusted OR* (95% Cl))
Grades 6-8 Grades 9-10
Perceived
Setting: injury type  climate None Occasional Frequent p Valuet None Occasional Frequent p Valvet
Home
Medically treated  High support  1.00 (1.31-1.88) 2.69 (1.56-4.64) 0.14 1.00 179 (1.36-2.36) 1.81 (1.12-2.93) 0.72
Medium/low  1.00 (1.30-2.50) 1.84 (1.07-3.17) 1.00 1.49 (0.97-2.31) 290 (1.70-4.93)
support
e Highsupport 1.00 1.57 (1.20-2.05) 207 (1.07-3.99) 009  1.00 124 (0.78-1.96) 1.41 (0.68-2.95) 0.32
Medium/low 1.00 1.56 (0.98-2.46) 1.46 (0.70-3.06) 1.00 1.43 (0.66-3.09) 2.97 (1.31-6.75)
support
School High support  1.00  1.07  (0.79-1.44) t 0.49 1.00 1.28 (0.81-2.02) 1.08 (0.49-2.38) 0.68
Medium/low 1.00 1.04 (0.64-1.70) 1.00 1.28 (0.61-2.69) 9 (0.54-3.08)
support
School
Medically treated ~ High support  1.00  1.66  (1.32-2.08) t 0.03 1.00 1.92 (1.41-2.61) 1.84 (1.06-3.17) 0.24
Medium/low 1.00 1.61 (1.29-2.01) 1.85 (1.21-2.84) 1.00 1.38 (0.98-1.95) 245 (1.56-3.85)
support
Home High support 1.00 1.81 (1.31-2.51) + 0.16 1.00 1.28 (0.75-2.17) 1.02 (0.40-2.60) 0.01
Medium/low 100 141 (1.03-1.95) 160 (0.91-2.82) 100 117 (0.65211) 263 (1.37-5.06)
support
School High support  1.00 J (0.67-1.47) ¢ 0.71 1.00 . (0.83-2.3¢) .06 (0.41-2.75) 0.82
Medium/low 1.00 1.11  (0.79-1.55) 0.76 (0.37-1.55) 1.00 1.23 (0.69-2.18) 1.28 (0.62-2.62)
support
*Adjusted for sex, amount of physical activity, two dimensions of socioeconomic status.
tSuppressed due to small cell sizes.
Test for interactive effect between multiple risk behavior and climate (both measured continuously) on risk for injury outcome.

school settings, the relative odds of frequent engagement in
each of the individual risk behaviors, as well as frequent
engagement in multiple risk behavior, rose in association
with lower perceived levels of climatic support.

Perceived climate and injury

There was mixed evidence for gradients in risk for injury in
association with the perceived levels of climatic support at
home and at school (table 2; and online table B at http:/
www.injuryprevention.com/supplemental). In the younger
grades, in both settings there were modest gradients in risk
for the different types of injury by perceived level of climatic
support. In the older grades, there was no consistent evidence
for these gradients.

Perceived climate as a modifier of associations
between risk behavior and injury

In table 3, we present results describing the application of the
Population Health Framework' to the study of interactions
between multiple risk behavior, home and school climate,
and the occurrence of injury. This addressed the hypothesis
that high perceived levels of climatic support would attenuate
associations between risk behavior and the occurrence of
injury. There was little evidence in support of this hypothesis.
For outcomes of medically treated injury, home injury, and
school injury there was no clear pattern in the strength and
direction of any gradients in risk observed across perceived
levels of climatic support. When the product terms of the
multiple risk behavior scale with each of the home and school
climate scales were included in logistic regression models,
there was minimal evidence of statistically significant
(p<<0.05) effect modification of the associations between
risk behavior and injury (note: this result was also found for
the interaction term that was created using categorical
versions of the multiple risk behavior and social climate
scales).

DISCUSSION

This paper presents a novel analysis of the etiology of
adolescent injury. In addition to reaffirming the prevalence of
overt risk taking in the lives of young people, the findings
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indicate the importance of contextual settings as possible
determinants of health. It is not surprising that the nature of
a child’s home or school environment will have a direct
bearing on the frequency of engagement in risk taking
behaviors. A supportive environment at home or at school
may sometimes result in amelioration of adolescents’ risks
for various types of injury. The novel finding of this study is
that relationships between adolescent risk taking and injury
do not appear to be modified by the presence of a supportive
environment. Indeed, if a child chooses to engage in multiple
risk behavior, increases in risk for injury appear to occur
independent of the support received at home or at school.

Our results indicate the presence of gradients in risk for
injury; one indication of the potential for adolescent health
inequalities. Non-supportive environments are associated
with adverse health outcomes. Such inequalities in health
are a known priority for the pediatric research agenda.” The
methodology employed in our etiological analysis is con-
sidered to be novel. The statistical modeling was grounded in
an accepted theoretical framework.' To our knowledge, this
study represents one of the first such analyses to examine
individual risk factors for adolescent injury while simulta-
neously examining the roles of settings (contextual risks) as
injury determinants. Preliminary analyses’” and existing
social theory* led us to believe that statistical gradients
between risk taking and injury would exist, but be attenuated
in protective settings. This hypothesis was not supported by
our findings. This suggests a need to consider both environ-
mental strategies to prevent adolescent injuries, as well as
preventive strategies that focus on at-risk children.

A recent systematic review synthesized the available
empirical evidence surrounding risk taking behavior in the
etiology of injury. Turner ef al** identified 33 potentially
eligible studies with only seven meeting a priori selection
criteria. Most excluded studies were of poor methodological
quality or were in the form of theoretical commentaries. Risk
taking behavior, however it was measured, was associated
with an increased chance of sustaining an unintentional
injury except in the case of high skilled sports where the
effect may be in the other direction. However, the review
demonstrated that considerable work needs to be done to
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provide a convincing evidence base on which to build public
health interventions around risk behavior.”> None of the
included studies focused on youth—risk taking was exam-
ined mainly in the form of individual behaviors as opposed to
behavior/environment interactions, and most studies were
devoid of a theoretical base. To inform prevention efforts,
there is a need for additional analyses like ours that use a
well defined construct of risk behavior, are based in theory,
and focus on specific populations such as adolescents.

Our findings suggest that a direct link exists between the
social environments that adolescents find themselves in, the
risk taking behaviors that they engage in, and at least some
patterns of injury. Some environments are notably protective.
In our study, home climates that are notably protective are
those where the child feels trusted, understood, and valued.
Protective school climates are those where students feel safe,
they possess a sense of belonging, and school rules are
perceived to be fair. While it would be naive to assume that
simple solutions exist that would prevent risk taking and
injury in every social context, optimization of social environ-
ments remains a laudable goal that may form the basis of
efficacious risk reduction strategies. Enhancing the quality of
these environments will serve as a protective measure with
respect to injury.”

While optimization of social environments may lead to
reductions in risk taking, if a child chooses to engage in a risk
taking lifestyle then the natures of social climates appear to
have little influence on resultant associations with injury.
This suggests a need to intervene directly with these high risk
adolescents, as opposed to just modifying the social environ-
ment around them.

Strengths of this analysis warrant recognition. These
include the size and scope of our analysis, our use of
standard measures and survey procedures, our application of
a theoretical framework to our etiological modeling, and the
anonymous nature of reporting. The latter should promote
accuracy in responses. Patterns of injury reported to the
HBSC have been shown to be representative of adolescent
injuries treated in Canadian emergency departments,* and
our results are likely generalizable to Canada and other
countries with similar cultures and access to medical care.
We also made efforts to minimize the possibility of
confounding. To illustrate, the observed social gradients in
risk for injury likely exist independently of socioeconomic
explanations that are prominent in the literature.®'” Two
dimensions of socioeconomic status were included as
potential confounders in all logistic regression models and
their inclusion had little influence on the main effects of the
associations under study.

Limitations of this analysis include our use of self-reported
data and the cross sectional nature of the survey. When
compared with medical records, adolescent recall of injury
events is excellent for three months but less accurate for
longer recall times, with the exception of major traumatic
events.” Such errors in recall are likely to occur randomly and
hence bias risk estimates towards no effect. The cross
sectional design limits our ability to infer causal relationships
and our analyses must be viewed as exploratory in the
absence of longitudinal data. The HBSC questionnaire items
have been subjected to extensive piloting and validation
efforts, yet the possibility of biased reporting of health risk
behaviors motivated by a desire to provide socially desirable
responses must also be recognized. Because these findings
are based upon classroom samples, they will not be
representative of adolescents in non-classroom settings.
Finally, there was lower participation in the survey in the
older grades; however, there is no reason to suspect that this
differential participation introduced any selection bias.

21

Key points

o Adolescent risk taking behavior has been determined
as a leading determinant of injury.

® Supportive social climates can minimize adolescent
engagement in risk taking behavior.

o If achild chooses to engcie in a risktaking lifestyle, the
presence of a protective home or school setting does
not appear to influence the association with injury.

o This suggest a need to infervene directly with high risk
youth.
o There is a need to further build an evidence base for
Eublic health interventions around adolescent risk
ehavior.

CONCLUSIONS

Risk taking is common among adolescents and plays a role in
the etiology of injury. Supportive social climates clearly
protect adolescents from engaging in these behaviors and
also the occurrence of some forms of injury. Optimization of
social environments has great potential as a primary
prevention strategy, and is in fact a lead recommendation
for both injury and violence prevention from the US Centers
for Disease Control and Prevention.” However, relationships
between adolescent risk taking and injury do not appear to be
modified by the presence of a supportive climate at home or
in school. Beyond environmental intervention, this suggests
an additional need for targeted injury prevention strategies
that centre upon high risk youth who engaged in multiple
risk behaviour.
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