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Abstract

Iceland has witnessed a dramatic decline in
adolescent substance use that may be partly the
result of efforts related to the Icelandic preven-
tion model (IPM). We sought to test risk and pro-
tective factor assumptions of the IPM using a pro-
spective cohort study with 12 months separating
baseline from follow-up. Participants were stu-
dents in grades 8 and 9 in the national Icelandic
school system enrolled in the spring of 2018 and
2019 (N=2165). Participants self-reported their
experiences of cigarette smoking, alcohol con-
sumption, and cannabis use and seven risk and
protective factors. Analyses were conducted with
generalized linear modeling with extension to
general estimating equations with correlated out-
comes data. Both individual main-effects models
and collective models including all main-effects
were tested. Out of 28 individual main-effects
models, 23 produced findings consistent with
study premises (P<0.05). Multiple main-effects
models largely sustained the findings of the indi-
vidual main-effects models. Findings support the
assumption that the risk and protective factors

commonly emphasized in the IPM are associated
with the four different substance use outcomes in
the hypothesized direction. Communities that
plan to implement the IPM among adolescents
might consider these factors in their work.

Introduction

During the last 20 years, Iceland has witnessed a
dramatic decrease in the prevalence of adolescent
substance use [1]. Between 1998 and 2018, the
prevalence of daily tobacco smoking among 10th
grade students went from 23% to 2%, drunkenness
during last 30days fell from 42% to 6%, and life-
time use of cannabis substances (marijuana and
hashish) from 17% to 6%, evidenced by the local
Youth in Iceland study series [2]. Although several
European countries have reported downward trends
in adolescent substance use in recent years, the de-
cline in use among youth in Iceland has been steeper
than elsewhere, even when compared with its neigh-
boring Nordic countries [3, 4].

These pronounced changes in levels of adolescent
substance use in Iceland have been at least partly
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attributed to a nationwide implementation of a com-
prehensive, community-based primary prevention
system called ‘the Icelandic Model for Primary
Prevention of Substance Use’ (IPM) [5-7]. In prin-
ciple, the IPM is a process-based dissemination and
implementation system of collaboration where
researchers, policymakers, administrative leaders
and community practitioners join forces to annually
assess needs and changes in both substance use out-
comes and carefully defined risk and protective fac-
tors, which then leads to the selection of priorities,
organization of strategies and allocation of neces-
sary resources for prevention work at the national,
municipal and local community levels [8].

The underlying pillars of the IPM were original-
ly developed in the early 1990s via translation of
classic theories of social deviance that originate in
sociology and criminology [9-11], and not in trad-
itional health behavior change theories [12]. The
mutual viewpoint of those deviance theories is
that most individuals are capable of initiating de-
viant acts, such as substance use but only under
certain environmental and social circumstances
will those acts become common patterns of behav-
iors among dominant groups of adolescents.
Major reasons for the development of negative be-
havioral patterns include (i) lack of environmental
sanctions by the social environment (e.g. parents
and other adults), (ii) low individual and/or com-
munity investment in traditional and positive val-
ues (e.g. education) and (iii) lack of opportunities
for participation in positive and prosocial devel-
opment (e.g. organized recreational and extracur-
ricular activities, such as sports, music, drama,
after school clubs, etc.) [5]. Thus, the IPM empha-
sizes that the odds of substance use developing
among adolescents is decreased by affirming par-
ental and family-based support for positively val-
ued behaviors, and sanctioning negatively valued
behaviors by increasing parental monitoring,
focusing on educational commitment and
strengthening adolescent social capital via paren-
tal relationships with other parents and their child-
ren’s friends [7, 8]. Further, the IPM seeks to
improve access to and participation in organized
and positive prosocial activities, such as organized

sports and extracurricular activities, and the pre-
vention of negative social behaviors, such as late
and unorganized outside hours [7, 8].

The mechanisms that are assumed to drive down
risk factors and strengthen protective factors may
vary between communities. However, strong com-
munity collaboration between researchers, policy
makers and administrative leaders and community
practitioners lies at the heart of all local efforts,
including quick and efficient dissemination and
translation of local research findings, and goals and
strategies decided by the local community [8]. In
this respect, the IPM is not a program in the conven-
tional sense but an ongoing effort to inform and mo-
bilize society for the positive development of young
people. At its core is the notion that substance use
among youth is almost universally initiated as a so-
cial activity instigated via peer-group relations [13—
15]. The younger adolescents are when substance
use is initiated the more likely they are to develop
from recreational use to problematic use, abuse and
into dependence [16, 17]. Hence, three critical
assumptions of the IPM are: (i), as potential sub-
stance users, adolescents are by and large products
of the social environment; (ii) adolescent substance
use is largely attributable to an unfavorable imbal-
ance in the prevalence of ecologic risk and protect-
ive factors in their environment; and (iii) onset of
use should be delayed as long as possible rather than
awaiting individual service needs once the problem
has manifested itself in routine behaviors [5]. The
theoretical pillars underlying the model have been
described by Sigfusdottir et al. [7] and the five
underlying core principles of the IPM have been
described by Kristjansson et al. [5].

Despite Iceland’s success in reducing youth sub-
stance use during the last 20 years, the assumed core
risk and protective factor main-effects have never
been tested using a longitudinal research design, al-
though both trend analyses [1, 18] and quasi-
experimental, group-based comparisons over time
[19] have been published. The absence of an appro-
priate longitudinal test of the relations between risk
and protective factors and outcomes of the model
largely stem from three main reasons. First, within
the model, all data collection processes, analyses,
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dissemination of results and micro and mezzo level
translation with policy makers and practitioners,
have been conducted with practice-based needs in
mind [5, 8]. Because the IPM focuses on the envir-
onmental imbalance in risk and protective factors
as the primary reasoning for adolescent substance
use initiation and development, the data that are
used to evaluate and support action items at the
local community level have been generated via
repeated cross-sectional surveys rather than in lon-
gitudinal designs. Second, because the model is
not an intervention in the classical sense, the IPM
does not easily lend itself to typical random alloca-
tion designs, such as the RCT. In fact, in an assess-
ment of the premises and transferability of the IPM
for potential adaptation and implementation in
Ontario in Canada, Bajwa [20] stated that the
model would most likely better be suited to be
tested longitudinally in a cohort design rather than
as a randomized trial. Third, for a holistic and
longstanding preventive community impact, the
IPM relies heavily on the accumulation of effects
stemming from several risk and protective factors
that mutually affect the risks of alcohol, tobacco
and other drug (ATOD) use initiation and progres-
sion among youth in local communities. Hence, an
appropriate test of the model assumptions should
simultaneously include an assessment of core par-
ental, community, school and leisure time factors
that have been identified by the model as critical
for the initiation and progression of substance use
among adolescents [6, 8, 19]. Thus, the aim of this
study was to test the relations between core risk
and protective factors, identified by the IPM, and
several substance use outcomes in a longitudinal
cohort design.

Materials and methods

Sample and participants

Data for this report are based on two waves of
school-based surveys from the LIFECOURSE study
of risk and protective factors for healthy adolescent
development. LIFECOURSE is a developmental
cohort study that covers the early lifespan of the

2004 birth cohort of children in Iceland from before
birth to the age of 15/16. The theoretical framework
for the study has been described elsewhere [21]. Of
the 3914 individuals that were approached for par-
ticipation, 2373 (60.6%) provided informed parental
consent and student assent, with 2278 (96.0%)
responding to the baseline survey of consented par-
ticipants (girls =51.1%). The study was reviewed
and approved by the National Bioethics Committee
of Iceland (equivalent to a national IRB) and the
study has been registered and acknowledged by the
Personal Protection Authority.

Procedure

The school-based surveys were conducted by
ICSRA in February in 2018 (T1) and 2019 (T2) in
all upper secondary schools in Iceland using proce-
dures developed by ICSRA in collaboration with
the Icelandic Ministry of Education, Science and
Culture over a 20-year period [22]. First, contact in-
formation for the sample was acquired through the
National Statistical Bureau and sister agencies. A
non-traceable, unique research identification num-
ber was created for each participant. Teachers at in-
dividual school sites supervised participation of
students in the classroom and administered the sur-
vey questionnaire using a double-envelope system
to identify students while distributing the surveys in
classroom settings, omitting their identification
post-survey completion (non-traceable ID printed
on each individual questionnaire for scanning and
data processing). Students were instructed not to
write their names, social security numbers or any
other identifying information anywhere on the ques-
tionnaire. Upon survey completion, students were
asked to place their completed questionnaire in a
blank and pre-sealed envelope provided to them be-
fore returning it to the supervising teacher. A key
that links individual names and contact information
to research IDs is maintained by a third party at the
Primary Health Care Clinics of the Capital Area and
is not accessible to the research team.

Measures

Measures in the LIFECOURSE study have been
adapted from international studies, such as
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monitoring the future [23], ESPAD [3] and the 25-
year long running Youth in Iceland study series [7].

Dependent variables

Four dependent variables were employed in this
study at Times 1 and 2, respectively, headed with
the statement: how often in your lifetime have you
smoked cigarettes/used e-cigarettes or vaped/con-
sumed alcohol of any kind/used hashish or mari-
juana? Response categories ranged from 0=‘Never’
to 7="40 times or more’. For the purposes of these
analyses, responses were collapsed to 0=‘Never’
and 1="Once or more’.

Independent variables

Consistent with previous descriptions of the IPM
[5-8], the following seven independent variables
were used in these analyses: outside hours after mid-
night, organized sport participation, organized rec-
reational/extracurricular activities, parental
monitoring, time spent with parents, social capital
and low school engagement.

‘Outside hours after midnight’ were assessed
with the question: if you think about the last 7 days,
how often did the following apply to you? ‘I went
outside in the evening and returned home after mid-
night’. Reponses ranged from 1= ‘Never’ to 8="°7
times’. Responses were collapsed to 0= ‘Never’
and 1= ‘Once or more’.

‘Organized sport participation’ was assessed with
the question: how often do you practice sports with
a club or a team? Responses ranged from 1=
‘Almost never’ to 6= ‘Almost every day’.
Responses were dichotomized with 0=‘2 times per
week or less’ and 1= ‘3 times per week or more’.

Participation in ‘organized recreational and/or
extracurricular activities’ was assessed with the
question: how often do you participate in organized
recreational or extracurricular activities? Responses
ranged from 1= ‘Almost never’ to 6= ‘Almost
every day’. Responses were dichotomized with 0=
‘Almost never’ to 1= ‘Once per week or more’.

‘Parental monitoring’ was assessed with two
questions headed with: how do the following state-
ments apply to you? (i) ‘My parents follow whom I

am with in the evenings’, and (ii) ‘My parents know
where I am in the evenings’. Reponses to both ques-
tions ranged from 1= ‘Applies very badly to me’ to
4= ‘Applies very well to me’. Scores were summed
to form a scale with a range from 2 to 8.

‘Time spent with parents’ was assessed with two
questions headed with: how do the following state-
ments apply to you? (i) ‘I spend time with my
parent(s) outside school hours on working days’,
and (ii), ‘I spend time with my parents during week-
ends’. Responses ranged from 1= ‘Almost never’ to
5= ‘All the time’. Scores were summed to form a
scale with a range from 2 to 10.

‘Social capital’ was assessed with two questions
headed with: how do the following statements apply
to you? (i) ‘My parents know my friends’ and (ii)
‘My parents know my friends’ parents’. Reponses to
both questions ranged from 1= ‘Applies very badly
to me’ to 4= ‘Applies very well to me’. Scores were
summed to form a scale with a range from 2 to 8.

‘Low school engagement’ was assessed with four
items headed with: how well do the following state-
ments apply to you? (i) ‘I find the school studies
pointless’, (ii) ‘I am bored with the studies’, (iii) ‘I
am badly prepared for classes’ and (iv) ‘I feel like I
don’t put enough effort into my studies’. Responses
ranged from 1= ‘Applies almost never to me’ to 5=
‘Applies almost always to me’. Scores were
summed to form a scale with a range from 4 to 20.

Control variables

Three control variables were dichotomized and
employed in all analyses: (i) gender (girls =1), (ii)
family structure (lives with both parents =1) and (iii)
mother’s education (college degree or higher =1).

Statistical analyses and handling of
missing data

Participants who reported having ever engaged in
one of the outcome risk behaviors at Time 1, and
then reversing their response at Time 2 were
dropped (n=113) for a final sample size of
N=2165. Missing values within individual variables
ranged from O to 20.8%. Multiple imputations (MI)
were conducted using IVEware 0.3 [24] with SAS
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Srclib. Imputations were run using the sequential re-
gression method, with bounds set on ordinal and
continuous data, and a minimum marginal R? value
set to 0.01. Consistent with IVEware recommenda-
tions [24], 10 iteration cycles were run with 100
datasets imputed. Sensitivity analysis of the final
imputed models against the original un-imputed
dataset suggested fairly stable estimates with
improved power for detecting model effects.

All analyses were conducted in SAS 9.4 [25].
Ordinal data with sufficient variability were treated
as continuous predictors; distributional properties
were assessed, and Skew and Kurtosis determined to
be within 1.0 in most cases and <2.0 in all cases. All
other variables were treated as categorical. The pri-
mary analysis technique was generalized linear
modeling with extension to general estimating equa-
tions (GEE) with correlated outcomes data, using a
binomial distribution and logit link and repeated
subject set as the participant ID [26]. Correlation
structure were selected based on best fitting Quasi-
likelihood under the Independence Model Criterion
with AR(1) determined as most suitable for our anal-
yses. Demographic covariates (consistent across all
models) were also selected during this model-fitting
phase. Once the best fitting models were selected,
final model results were reported by running the
models by each MI, and then outputting the GEE
parameter estimates with empirical standard errors,
parameter indices and GEE covariance matrix to ap-
propriately account for the repeated measures in the
data. MI analyzes then summarized the model
effects of the intercept and predictors (including
covariates of gender, mother education and family
structure for all models). Models were run for all
four outcomes with both single and multiple main-
effects. Parameter estimates were exponentiated and
reported as Odds Ratios (OR); 95% CI of the param-
eter estimates (also exponentiated and reported as
ORs) and P-values are also reported.

Results

Table I includes descriptive statistics for all non-
imputed study variables, including the prevalence of

Table 1. Descriptive statistics (non-imputed results), N=2165

Categorical variables (%) Time 1  Time 2
Ever cigarette smoking 3.1 7.2
Ever e-cigarette use 14.2 27.2
Ever alcohol use 13.6 249
Ever marijuana use 0.8 4.5
Outside after midnight 7.2 14.4
Sport participation 3+ 59.6 53.3
Organized recreational/ 37.2 38.3

extracurricular activities 14
Girls 51.1 n/a
Family structure (lives with both 75.0 n/a
parents)
Mother education (college degree) 43.7 n/a

Continuous variables (mean SD)
Parental monitoring
Time spent with parents
Social capital
Low school engagement

6.3 (1.71) 6.4 (1.65)
7.6 (1.84) 7.4 (1.91)
6.9 (1.27) 6.7 (1.34)
9.2 (3.18) 9.9 (3.30)

each outcome variable at T1 and T2, respectively.
As expected, the proportion of respondents report-
ing ever using any of the four substances grows
steadily with age. For example, ever cigarette smok-
ing increased from 3.1% at T1 to 7.2% at T2, and
ever alcohol use increased from 13.6% at T1 to
24.9% at T2. We also assessed the bivariate correl-
ation between the independent and dependent varia-
bles at Times 1 and 2. This analysis revealed
relationships strength from non-significant to
r=0.64 (see Appendix tables; Supplementary data
are available at HEAL online).

Table II shows the results for all single main-
effects models while controlling for gender, family
structure and mother’s education. Each of the seven
model blocks includes four models, one for each
outcome, for a total of 28 models. Within all model
blocks, the time variable is statistically significant
in all instances, which reflects the natural progres-
sion in odds of any form of substance use as partici-
pants grow older between T1 and T2. A summary of
the main-effects models shows 23 of 28 relation-
ships to be statistically significant in the expected
direction in all instances. For example, for the first
model in model Block 1, predicting cigarette smok-
ing, each increase in score on the parental monitor-
ing measure is related to the decrease in odds of
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Table II. Single main-effects models (controlling for gender, mother education, family structure)

Main-effects:

DV: ever smoking

DV: ever e-cigarette

DV: ever alcohol

DV: ever cannabis

OR 95% CI P OR 95% CI P OR 95% CI P OR  95% CI P
Model block 1
Time 2.18 1.65-2.88 <0.01 2.00 1.74-2.30 <0.01 1.89 1.63-2.18 <0.01 4.06 2.37-6.93 <0.01
Parental monitoring 0.81 0.74-0.89 <0.01 0.89 0.85-0.94 <0.01 0.87 0.82-0.92 <0.01 0.74 0.65-0.84 <0.01
Model block 2
Time 2.02 1.51-2.69 <0.01 193 1.67-2.22 <0.01 1.81 1.56-2.09 <0.01 3.65 2.13-6.27 <0.01
Time spent with 0.74 0.68-0.81 <0.01 0.81 0.77-0.85 <0.01 0.87 0.83-091 <0.01 0.67 0.60-0.76 <0.01
parents
Model block 3
Time 1.98 1.49-2.63 <0.01 192 1.66-2.21 <0.01 1.79 1.54-2.07 <0.01 3.69 2.13-6.39 <0.01
Social capital 0.67 0.60-0.75 <0.01 0.77 0.72-0.83 <0.01 0.78 0.72-0.83 <0.01 0.54 0.47-0.62 <0.01
Model block 4
Time 1.94 1.46-2.58 <0.01 1.86 1.61-2.15 <0.01 1.75 1.51-2.02 <0.01 3.52 2.05-6.06 <0.01
Low school 1.19 1.13-1.26 <0.01 1.17 1.13-1.20 <0.01 1.12 1.08-1.15 <.01 124 1.15-1.33<0.01
engagement
Model block 5
Time 1.99 1.49-2.65 <0.01 1.89 1.63-2.19 <0.01 1.80 1.56-2.07 <0.01 3.66 2.15-6.23 <0.01
Outside after 2.25 1.02-4.81 0.04 1.89 1.02-349 0.04 1.60 0.86-2.97 0.14 3.19 1.42-7.13<0.01
midnight
Model block 6
Time 2.05 156270 <.01 192 1.68-2.21 <0.01 1.82 1.57-2.10 <0.01 3.81 2.24-6.46 <0.01
Sport participation  0.57 0.39-0.82 <0.01 0.65 0.48-0.86 <0.01 0.71 0.54-0.93 0.01 0.48 0.30-0.79 <0.01
Model block 7
Time 2.13 1.61-2.79 <0.01 196 1.71-2.26 <0.01 1.85 1.62-2.13 <0.01 3.99 2.39-6.68 <0.01
Organized rec. 1.36 0.96-1.92 0.09 1.15 0.86-1.54 0.35 1.06 0.83-1.37 0.63 1.19 0.76-1.87 045

activities

DV= dependent variable.

smoking by 19%. Similarly, the fourth model in
model Block 5, predicting cannabis use, shows that
spending time outside after midnight once or more
is related to the increase in odds of ever using canna-
bis substances by over 3-fold. Five models revealed
non-significant main-effects. Only outside hours
after midnight predicting alcohol use and all four
models for organized recreational activities were
not significant in our analyses.

Table III includes the results for the four multiple
main-effects models while controlling for gender,
family structure and mother education. Each model
includes all seven independent variables. As before,
the time variable is significant in all instances
reflecting increased odds in all forms of ever ATOD
use as participants grow older. In Model 1, predict-
ing smoking, significant main-effects were observed
for time spent with parents, social capital, low

school engagement, outside hours after midnight
and marginal relations for parental monitoring
(P=0.09) and sport participation (P=0.07). Similar
findings were observed in the remaining three mod-
els with four significant main-effects (P<0.05) and
further 1-2 main-effects marginally significant.
Similar to the single main-effects models, only par-
ticipation in organized recreational/extracurricular
activities remained non-significant in all instances.

Discussion

The findings suggest that the underlying risk and
protective factor assumptions of the IPM hold in a
longitudinal design. Within the single main-effects
models, six out of seven independent variables (all
except weekly participation in organized
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Table III. Multiple main-effects models

Main-effects:

DV: ever smoking

DV: ever e-cigarette

DV: ever alcohol

DV: ever cannabis

OR 95%CI P OR 95%CI P OR 95%CI P OR 95%CI P
Time 1.77 127-1.87 <0.01 1.77 1.52-2.07 <0.01 1.70 1.45-1.98 <0.01 3.16 1.79-5.58 <0.01
Parental monitoring 0.92 0.83-1.01  0.09 0.97 092-1.04 041 093 0.87-098 0.01 0.89 0.78-1.02  0.09
Time spent with 0.83 0.76-091 <0.01 0.86 0.81-90 <0.01 0.92 0.87-0.97 <0.01 0.79 0.70-0.90 <0.01
parents
Social capital 0.80 0.70-0.90 <0.01 0.86 0.79-0.93 <0.01 0.84 0.79-091 <0.01 0.67 0.57-0.79 <0.01
Low school 1.12 1.05-1.18 <0.01 1.12 1.09-1.16 <0.01 1.08 1.05-1.12 <0.01 1.12 1.04-1.21 <0.01
engagement
Outside after 1.83 1.04-320 0.03 1.55 0.90-2.68 0.12 133 0.78-2.27 030 229 1.27-4.12 <0.01
midnight
Sport participation  0.69 0.46-1.03  0.07 0.71 0.55-0.92 <0.01 0.78 0.60-1.02  0.07 0.60 0.35-1.03  0.06
Organized rec. 1.17 0.76-1.80  0.47 1.02 0.77-1.34 0.89 096 0.74-1.25 0.77 0.90 0.52-1.57 0.71

activities

DV= dependent variable.

recreational and extracurricular activities) revealed
a statistically significant over-time main-effects on
the outcomes in 23 out of 24 models. Spending time
outside after midnight was not significantly related
to increased odds in ever using alcohol (P=0.14).
Weekly participation in recreational and/or extra-
curricular activities was non-related to the outcomes
in all four instances. Despite a presumed and consid-
erable overlap between several independent varia-
bles, the multiple main-effects models largely
sustained the individual main-effects model find-
ings with four out of seven main-effects variables
significant (P<0.05) in all instances, and further 1—
2 main-effects marginally significant (P-values
ranging from 0.06 to 0.12).

An important aspect of the IPM is its non-
prescriptive approach to community-based preven-
tion. Consistent with Livingood et al. [27] recom-
mendations labeled ‘a toolkit approach’ to health
promotion, the model assumes that risk and protect-
ive factors will vary in both volume and intensity
between communities, and that the selection of fac-
tors to focus on in prevention will depend on several
functions, such as regular survey assessment, pre-
sent assets and capabilities of the local community
to strengthen protective factors and drive down risk
factors and both present and future resource alloca-
tion to support prevention work. Practically, the
IPM assumes that many risk and protective factors

overlap at the community level. For example,
strengthening parental monitoring at the individual
level will presumably bear implications for less fre-
quent late outside hours [5, 6]. Likewise, the IPM
assumes that communities differ widely in their
readiness and capacities to engage in prevention
work, which renders a careful selection of factors to
focus on at any given time a crucial part of the
model [8]. In this respect, the single main-effects
tests demonstrate that prevention work around a
given factor may have important implications for
one or more other factors over time. The multiple
main-effects models further demonstrate that, in
statistical terms, the overlap is minimal, although
the implications for change in any single risk and/or
protective factor may be substantial at a practical
level.

All main-effects variables tested in our analyses
have been individually studied in other settings al-
though a holistic assessment into several of the core
risk and protective factors identified by the IPM
have not been tested simultaneously before.
Previous studies have found that increased time
spent with parents [28], levels of parental monitor-
ing [29] and social capital [30, 31] serve to decrease
the odds of substance use and delinquency among
youth. Multiple studies have shown that low school
engagement signifies a likely path to delinquency
[32, 33], and findings from leisure studies have long
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shown participation in organized and structured
activities, such as sports, music and drama to be im-
portant for healthy development [34, 35]. It is there-
fore particularly noteworthy that we did not find any
significant main-effects for participation in organ-
ized recreational and/or extracurricular activities,
neither in individual or multiple main-effects mod-
els. This calls for special attention. Several scholars
have pointed out that the main element in the posi-
tive impact of leisure activities on youth develop-
ment is to be found in the structure, organization
and exposure to healthy adult role models rather
than the specific content of the activity [36, 37]. In
this study, however, measurement of organized rec-
reational and/or extracurricular activities was con-
ducted with a single survey item that presumably
does not detect a suitable difference between organ-
ization, structure and adult involvement noted in
previous studies as important elements. Further,
studies in adolescent leisure activities have found
that both perceived availability and levels of en-
gagement are important to determine the impact of
recreational and extracurricular activities on adoles-
cents ATOD use [36, 38—40]. It is thus possible that
the limited range in assessment of organized recre-
ational and extracurricular activities led to the non-
significant findings of these main-effects.

This study has some limitations. First, our selec-
tion of variables to be included in our tests of
assumptions by the IPM was made with a mixture of
convenience and prior knowledge and experience of
the model. This of course does not rule out other fac-
tors that may be important for primary prevention.
Second, because our assessment is about risk and
protective factor assumptions in the IPM for pri-
mary community-based prevention and not to test
relationship differences across different outcomes,
we did not adjust the P-values for multiple tests as
would be more appropriate in basic research. Third,
three of seven independent variable measures were
employed with single-item questions. Although
some of these measures follow a count distribution,
we recommend that future assessments of the [IPM
prioritize use of validated scales to the extent pos-
sible. Fourth, our study sample was limited to
Iceland. Despite several previous studies have

shown adolescents in Iceland to be largely simi-
lar to youth in other advanced economies, some
ecologic and structural factors, e.g. the nature
and organization of sport participation, may dif-
ferentiate Iceland from other places [37]. Fifth,
our longitudinal assessment only included two
time points. Future studies would benefit from
using growth-curve techniques to assess change
over a longer period with larger number of data
points. Finally, this study sought to test assump-
tions about the applicability of risk and protect-
ive factors designated as important by the IPM.
However, we did not perform any tests into
which mechanisms may prove most useful in
driving down those risk factors and/or strength-
ening protective factors. Future studies that in-
clude rigorous process data are needed for such
examination.

Notwithstanding these limitations, this study has
several notable strengths. First, the cohort design
and state-of-the-art analyses utilized give us consid-
erably more confidence in the findings than analyses
conducted solely with cross-sectional data could.
Second, the study sample was sufficiently large to
determine the unique contribution of several related
risk and protective factors, such as both time spent
with parents and parental monitoring, despite their
apparent overlap. Third, instead of merging several
types of ATOD use to a single and general outcome
measure, we were able to assess the main-effects for
four distinct outcomes.

In conclusion, the findings of this study support
the assumption that the risk and protective factors
commonly emphasized in the IPM are related to
the four different substance use outcomes in the
hypothesized direction. This holds true for both
individual risk and protective factors, as well as in
the collective statistical assessment. Communities
that plan to implement the IPM for alcohol, to-
bacco and other drug use prevention among ado-
lescents might consider these factors in their
work. Future studies into the premises of the [IPM
should incorporate other mechanisms into the as-
sessment, such as a finer breakdown of leisure
time activities and a more elaborate measure of
school-based factors.

316

1202 AInr G1 U0 1s8nB Aq 291 L 609/60E/E/9€/RI0IE/IBY/00 dNO"OlWaPEDE//:SARY WO POPEOIUMOQ



Test of Icelandic prevention model assumptions

Supplementary data

Supplementary data are available at HEAL online.

Funding

This work was supported by the European Research
Council (ERC) award ERC-CoG-2014-647860 and
by the National Institute of General Medical
Sciences of the National Institutes of Health (NIH)
award 2U54GM104942-02.

Conflict of interest statement

None declared.

References

10.

11.

. Kristjansson AL, Sigfusdottir ID, Thorlindsson T et al.

Population trends in smoking, alcohol use and primary pre-
vention variables among adolescents in Iceland, 1997-2014.
Addiction 2016; 111: 645-52.

. ICSRA. Substance Use among 10th Grade Students in

Iceland, 1997 - 2019. Reykjavik, Iceland: Icelandic Center
for Social Research and Analysis, 2019.

. ESPAD G. ESPAD Report 2015: Results from the European

School Survey Project on Alcohol and Other Drugs.
Luxembourg: European Monitoring Centre for Drugs and
Drug Addiction, 2016.

. Levy S, Campbell MD, Shea CL, DuPont R. Trends in

abstaining from substance use in adolescents. Pediatrics
2018; 142: ¢20173498.

. Kristjansson AL, Mann MJ, Sigfusson J et al. Development

and guiding principles of the Icelandic model for preventing
adolescent substance use. Health Promot Pract 2020; 21:
62-9.

. Sigfusdottir ID, Kristjansson AL, Gudmundsdottir ML,

Allegrante JP. Substance use prevention through school and
community-based health promotion: a transdisciplinary ap-
proach from Iceland. Global Health Promot 2011; 18: 23—6.

. Sigfusdottir ID, Thorlindsson T, Kristjansson AL et al.

Substance use prevention for adolescents: the Icelandic
model. Health Promot Int 2008; 24: 16-25.

. Kristjansson AL, Mann MJ, Sigfusson J et al. Implementing

the Icelandic model for preventing adolescent substance use.
Health Promot Pract 2020; 21: 70-9.

. Akers RL, Krohn MD, Lanza-Kaduce L, Radosevich M.

Social learning and deviant behavior: a specific test of a gen-
eral theory. Am Sociol Rev 1979; 44: 636-55.

Hirchi T. Causes of Delinquency. Los Angeles, CA:
University of California Press, 1969.

Merton R. Social structure and anomie. Am Sociol Rev 1938;
3: 672-82.

20.

21.

22.

24.

25.

26.

27.

28.

29.

. Glanz KR, Viswanath K. Health Behavior and Health

Education: Theory, Research and Practice. San Francisco:
Jossey-Bass Publishers, 2015.

. Kristjansson AL, Sigfusdottir ID, James JE et al. Perceived

parental reactions and peer respect as predictors of adoles-
cent cigarette smoking and alcohol use. Addict Behav 2010;
35:256-9.

. Egan EA, Van Horn ML, Monahan KC ef al. Community-level

effects of individual and peer risk and protective factors on ado-
lescent substance use. J Community Psychol 2012; 39: 478-98.

. Egan KL, Gregory E, Osborne VL, Cottler LB. Power of the

peer and parent: gender differences, norms, and nonmedical
prescription opioid use among adolescents in south central
Kentucky. Prev Sci 2019; 20: 665-73.

. Kendler KS, Myers J, Damaj MI, Chen XG. Early smoking

onset and risk for subsequent nicotine dependence: a monozygot-
ic co-twin control study. Am J Psychiatry 2013; 170: 408—13.

. Staff J, Maggs JL, Cundiff K, Evans-Polce RJ. Childhood

cigarette and alcohol use: negative links with adjustment.
Addict Behav 2016; 62: 122-8.

. Sigfusdottir ID, Kristjansson AL, Thorlindsson T, Allegrante

JP. Trends in prevalence of substance use among Icelandic
adolescents, 1995-2006. Subst Abuse Treat Prev Policy
2008; 3: 12.

. Kristjansson AL, James JE, Allegrante JP et al. Adolescent

substance use, parental monitoring, and leisure-time activ-
ities: 12-year outcomes of primary prevention in Iceland.
Prev Med 2010; 51: 168-71.

Bajwa U. To Analyse the Implementation and Evidence Base
of Iceland's Primary Prevention Model for Adolescent
Substance Abuse and Its Implications for Ontario, Canada- a
Health Policy Report. London: London School of Hygiene &
Tropical Medicine, 2017.

Sigfusdottir ID, Kristjansson AL, Thorlindsson T, Allegrante
JP. Stress and adolescent well-being: the need for an interdis-
ciplinary framework. Health Promot Int 2017; 32: 1081-90.
Kristjansson AL, Sigfusson J, Sigfusdottir ID, Allegrante JP.
Data collection pocedures for school-based surveys among
adolescents: the youth in Europe study. J School Health
2013; 83: 662-7.

. Johnston LD, O’Malley PM, Miech RA et al. Monitoring the

Future National Survey Results on Drug Use, 1975-2016:
Overview, Key Findings on Adolescent Drug Use. Ann Arbor:
Institute for Social Research, University of Michigan, 2017.
Raghunathan TS, Berglund P, van Hoewyk J. IVEware:
Imputation and Variance Estimation Software. Ann Arbor:
University of Michigan, 2016.

What's New in SAS™ 9.4. Cary, NC: SAS Institute Inc., 2013.
Johnston GS. Repeated Measures Analysis with Discrete
Data Using the SAS System. Cary, NC, USA, 1996.
Livingood WC, Allegrante JP, Airhihenbuwa CO et al.
Applied social and behavioral science to address complex
health problems. Am J Prev Med 2011; 41: 525-31.
Kristjansson AL, Sigfusdottir ID, Allegrante JP, Helgason
AR. Social correlates of cigarette smoking among Icelandic
adolescents: a population-based cross-sectional study. BMC
Public Health 2008; 8: 86.

Wills TA, Resko JA, Ainette MG, Mendoza D. Role of parent
support and peer support in adolescent substance use: a test of
mediated effects. Psychol Addict Behav 2004; 18: 122-34.

317

1202 AInp 1 U0 1sanB Aq 291 L609/60E/E/9E/R191LE/IBY/WO0"dNO"dIWapEede//:SARY WOy papeojumoq


https://academic.oup.com/her/article-lookup/doi/10.1093/her/cyaa052#supplementary-data

A.

L. Kristjansson et al.

30.

31

32.

33.

34.

Kristjansson AL, Mann MJ, Smith ML, Sigfusdottir ID.
Social profile of middle school-aged adolescents who use
electronic cigarettes: implications for primary prevention.
Prev Sci 2018; 19: 805-12.

Thorlindsson T, Sigfusdottir ID, Bjarnason T. Individual
and community processes of social closure: a study of ado-
lescent academic achievement and alcohol use. Acta Sociol
2007; 50: 161-78.

Kogan SM, Luo ZP, Murry VM, Brody GH. Risk and pro-
tective factors for substance use among African American
high school dropouts. Psychol Addict Behav 2005; 19:
382-91.

Wongtongkam N, Ward PR, Day A, Winefield AH. The in-
fluence of protective and risk factors in individual, peer and
school domains on Thai adolescents’ alcohol and illicit drug
use: a survey. Addict Behav 2014; 39: 1447-51.

Moore MJ, Werch CEC. Sport and physical activity partici-
pation, and substance use among adolescents. J Adolesc
Health 2005; 36: 486-93.

35.

36.

37.

38.

39.

40.

Thorlindsson T, Bernburg JG. Peer groups and substance
use: examining the direct and interactive effect of leisure ac-
tivity. Adolescence 2006; 41: 321-39.

Mahoney JL, Stattin H. Leisure activities and adolescent
antisocial behavior: the role of structure and social context. J
Adolesc 2000; 23: 113-27.

Halldorsson V, Thorlindsson T, Sigfusdottir ID. Adolescent
sport participation and alcohol use: the importance of sport
organization and the wider social context. Int Rev Sociol
Sport 2014; 49: 311-30.

Correia CJ, Simons J, Carey KB, Borsari BE. Predicting
drug use: application of behavioral theories of choice. Addict
Behav 1998; 23: 705-9.

Murphy JG, Correia CJ, Barnett NP. Behavioral economic
approaches to reduce college student drinking. Addict Behav
2007; 32: 2573-85.

Eccles JS, Barber BL. Student council, volunteering, bas-
ketball, or marching band: what kind of extracurricular
involvement matters? J Adolesc Res 1999; 14: 10-43.

318

1202 AInp 1 U0 1sanB Aq 291 L609/60E/E/9E/R191LE/IBY/WO0"dNO"dIWapEede//:SARY WOy papeojumoq



	tblfn1
	tblfn2

