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Abstract

Background: Adolescence is a critical period of vulnerability to substance use. Recent research has shown that gen-
der differences in adolescence substance use are complex and in constant flux. The present study aims to investigate
gender differences in substance use and initiation patterns in male and female adolescents, and to assess individual,
family, peer, and school associated factors of these patterns.

Methods: We applied latent class regression analysis to a Portuguese representative population sample of 1551
15-year-old adolescents, drawn from the 2010 'Health Behavior in School-Aged Children’survey, to characterise dif-
ferent profiles of substance use and initiation for boys and girls, and to identify factors associated with latent class
membership, stratifying the associations analysis by gender.

Results: Three common classes were found for both genders, specifically, Non-Users (boys [B] 34.42%, girls [G]
26.79%), Alcohol Experimenters (B 38.79%, G 43.98%) and Alcohol and Tobacco Frequent Users (B 21.31%, G 10.36%),

with two additional unique classes: Alcohol Experimenters and Tobacco Users in girls (18.87%), and Early Initiation and
Poly-Substance Users in boys (5.48%). Poor school satisfaction, bullying, fighting and higher family affluence scale score
formed a common core of associated factors of substance use, although we found gender differences in these asso-
ciations. In girls, but not in boys, family factors were associated with more problematic substance use. Not living with
both parents was associated with girl's Alcohol and Tobacco Frequent Users (ATFU) class (OR 3.78 CI 1.18-12.11) and
Alcohol Experimenters and Tobacco Users (AETU) class (OR 3.22 Cl 1.4-7.44). Poor communication with mother was also
associated with gATFU class membership (OR 3.82 Cl 1.26-11.53) and AETU class (OR 3.66 CI 1.99-6.75). Additionally, a
higher psychological symptoms score was associated with gATFU class membership (OR 1.16 Cl 1.02-1.31).

Conclusion: Although we found common patterns and associated factors between boys and girls, we report two
unique patterns of substance use in boys and girls and specific associations between family, school and peers, and
individual factors with these patterns. These findings underscore the need for substance use prevention and health
promotion programmes that address potential differences in substance use patterns and associated factors.
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Introduction

Adolescent substance use is an important modifiable
risk behaviour, with significant immediate and last-
ing adverse health and social consequences. In Europe,
among 15 to 16-year-old adolescents, 47% have used
alcohol and 23% have used tobacco, by the age of 13 or
younger [1]. Early initiation of substance use is associ-
ated with worse health outcomes and risky behaviours
in adulthood [2]. Adolescence is a critical period of
psychological, social and cognitive development, as
well as a period of increased vulnerability to substance
use, delinquency and sexual risk behaviours. Some
authors consider that these risky behaviours stem from
the interaction between individual and environmental
factors such as family, peers and school, and broader
social contexts [3, 4].

There are gender differences in adolescent substance
use. Epidemiological data have shown that male adoles-
cents have higher rates of substance use than females
[5]. However, more recent research show that this gen-
der gap is complex and may even be inverting or nar-
rowing, especially for alcohol use [6, 7]. Therefore, a
growing body of research has focused on neurodevel-
opmental, reward-related behaviour and decision-mak-
ing differences between the two genders [3]. Although
risk factors for substance use are somewhat similar
for both genders, there is evidence that gender modi-
fies the effect of social and peer factors on adolescent
substance use [4]. Boys and girls differ in both expo-
sure and response to factors, such as family and peer
relations, school attachment, academic achievement,
victimisation and social neighbourhood [8, 9]. In fact,
a review focusing on risk factors influencing drinking
progression among adolescents suggests that boys are
more vulnerable to substance use because of social fac-
tors like higher tolerance, social expectation in use, and
higher influence of parental drinking, while girls dis-
play higher permeability to parental control [10].

However, although there are several studies in the
literature focusing on gender differences in substance
use, few studies address the specific patterns of initia-
tion and use simultaneously, or consider a broad set of
predictors, including family, school, peers, and individ-
ual factors. To address these gaps, we apply latent class
regression analysis to a representative population sam-
ple of 15-year-old adolescents, stratifying the analysis
by gender. Research on unique substance use and initia-
tion patterns, and associated factors in girls and boys, is
needed to inform future tailored prevention strategies
for adolescent substance use. This poses a continuous
challenge, as the dynamics between temporal trends,
gender and regional differences are in constant flux.
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Methods

Participants

This study is a secondary analysis of the 2010 Portuguese
‘Health Behavior in School-Aged Children (HBSC)’ sur-
vey. The HBSC study is a World Health Organization
collaborative cross-sectional study, conducted every
4 years in a growing number of countries in Europe and
North America. The objective of the HBSC study is to
increase the understanding of health, lifestyle behav-
iours and social context of young people aged 11, 13 and
15 years. Further details on this survey, including design,
theoretical framework and ethical approval can be
found elsewhere [11]. The Portuguese HBSC 2010 sam-
ple comprised 4036 school-aged children from 124 ran-
domly selected public schools. This national sample was
representative in terms of age and geographic area. For
the present study, we focused on 15-year-olds, n=1553,
because the substance use prevalence tends to increase
with age and gender differences are more pronounced
during late adolescence and adulthood compared with
early adolescence [10].

Measures
All measures were obtained from the 2010 HBSC self-
reported questionnaire [12].

Age of initiation was measured for alcohol, tobacco
and drunkenness, by self-report. These indicators were
assessed by asking ‘At what age did you first drink alco-
hol (more than a small amount?, ‘At what age did you first
smoke a cigarette (more than one puff)?, and ‘At what age
did you first get drunk?, respectively. The answer catego-
ries were ‘never, ‘11 years or younger, ‘12 years, ‘13 years,
‘14 years, ‘15 years’ and ‘16 years or older! Responses
were recoded into never, 13 years or older, and 12 years
or younger. Early initiation of substance use is typically
defined as being prior to age 13 [13, 14], corresponding
roughly to the transition between preadolescence and
adolescence. Accordingly, we set the cut-off for early initi-
ation as being before 13 years, in concordance with previ-
ous research [14, 15], and yielding additionally sufficient
numbers in each group for analyses. Current smoking,
alcohol use and drunkenness were assessed by asking ‘On
how many occasions (if any) have you done the follow-
ing things in the last 30 days: smoked cigarettes; drunk
alcohol; been dunk?; respectively. The answer categories
were ‘never, ‘once or twice, 3—5 times;, ‘69 times, '10-19
times, "20-39 times, '40 times or more’.

Lifetime cannabis use was measured asking ‘Have you
ever used marijuana (pot, weed, hashish, joint) in your
lifetime?” The answer categories were ‘never, ‘once or
twice; ‘3-5 times, ‘6-9 times; ‘10—19 times, 20-39 times,
‘40 times or more’
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The selection of family, peer, school and psychosocial
factors included in the latent class regression analysis
was based on existing literature [16—22] and was already
imbedded in the HBSC study survey. Demographic vari-
ables included age and gender. Family socioeconomic sta-
tus was measured with the family affluence scale (FAS)
[23], which was constructed with four questions: (1)
‘How many computers does your family own?, [‘None’
(0), ‘One’ (1), “Two’ (2), ‘More than two’ (3)]; (2) ‘Do you
have your own bedroom?, ['No’ (0), ‘Yes’ (1)]; (3) ‘Does
your family own a car, van or truck?; ['No’ (0), ‘Yes, one’
(1), “Yes, two or more’ (2)]; (4) During the past 12 months,
how many times did you travel away on vacation with
your family?, [Not at all (0), Once (1), Twice (2), More
than twice (3)]. The score of each question was summed,
with values ranging from 0 to 9. Family factors included
family structure and communication with parents. Fam-
ily structure was defined as living with both parents and
other family structure (as in [20, 24]). Communication
with parents was measured separately for the mother and
father. These items were evaluated by asking ‘How easy
is it for you to talk to the following persons about things
that really bother you?. The answer categories were ‘very
easy, ‘easy, ‘difficult; ‘very difficult, and ‘don’t have or see
this person! Responses were trichotomised into 0=very
easy or easy, 1=difficult or very difficult, and 2=don’t
have or see (as in [16, 25]).

School factors included perceived school performance
and school satisfaction. Perceived school performance
is a proxy for academic achievement. Adolescents were
asked ‘In your opinion, what does your class teacher(s)
think about your school performance compared to your
classmates?. The answer categories were ‘very good,
‘good; ‘average’ and ‘below average. Responses were
dichotomised into 0 =very good or good, 1 =average or
below average (as in [24]). School satisfaction was meas-
ured by asking ‘How do you feel about school at present?,
with the following response categories: ‘I like it a lot] ‘I
like it a bit; ‘I don't like it very much; ‘I don't like it at all’
Responses were dichotomised into 0=like it a lot/a bit,
and 1 =don’t like it very much/at all (as in [24]).

Peer factors including bullying, victimisation and
fighting were also assessed. Bullying was evaluated ask-
ing adolescents ‘How often have you taken part in bul-
lying another student(s) at school in the past couple of
months?. Victimisation was assessed asking ‘How often
have you been bullied at school in the past couple of
months?. The answer categories were ‘haven’t, ‘once or
twice, 2 or 3 times a month; ‘about once a week, and
‘several times a week’ Responses were dichotomised into
O=never, and 1=at least once (as in [20, 26]). Fighting
was measured by asking ‘During the past 12 months,
how many times were you in a physical fight?, with the
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following response categories: ‘I have not been, ‘1 time; 2
times;, ‘3 times; ‘4 times or more’ Responses were recoded
into 0 =never, or 1 =at least once (as in [27]).

Psychological symptoms were measured using a 4-item
checklist (Cronbach’s alpha=0.74), focusing on inter-
nalising problems specifically feeling low or depressed,
feeling irritable or bad tempered, feeling nervous, and
sleeping difficulties, in the past 6 months. The sum score
of the four items (range 4—20) was used as a measure of
global psychological distress (as in [28]). Physical symp-
toms were assessed with a 4-item checklist (Cronbach’s
alpha=0.68), encompassing past 6 months report of
headache, backache, stomach-ache and dizziness. As
with psychological symptoms, the sum score of the four
items was used as a measure of somatic/physical com-
plaints (as in [29]).

Statistical analyses

First, latent class analysis (LCA) was performed to define
subgroups of adolescents based on their response pat-
terns on the substance use and initiation indicators.
LCA is a common statistical method used in social and
behavioural sciences, especially in the fields of addic-
tions and delinquency [30]. It is a type of finite mixture
modelling that identifies discrete and mutually exclusive
groups (called classes) of individuals within a popula-
tion [31, 32]. The optimal number of latent classes was
determined iteratively, with models ranging from 1 to 7
classes. The best model fit was determined assessing fit
criteria, specifically the Bayesian information criterion
(BIC), sample-size adjusted BIC (aBIC), Akaike infor-
mation criterion (AIC), corrected Akaike information
criterion (AICC), and Entropy for each model, and con-
sidering interpretability and parsimony [33]. The Boot-
strap likelihood ratio test (BRLT) was also computed,
comparing the model fit between k—1 and k class mod-
els [34]. For BIC, aBIC, AIC, and AICC, smaller values
represent better model fit and parsimony. Entropy is a
measure of posterior classification uncertainty, measured
on a 0 to 1 scale, with values >0.80 indicating less classifi-
cation error [34, 35]. For the initial model, we tested if the
same class structure applied to boys and girls, comparing
a model in which the item-response probabilities were
constrained to be equal for both genders, with a model
in which the item-response probabilities were allowed to
vary. The two models were compared by a standard like-
lihood-ratio test, as described elsewhere [36]. Following
these procedures, a 3-step latent class regression analysis
was performed to examine the associations between indi-
vidual, family, peer and school factors and latent classes,
comparing class membership to a reference class. Firstly,
the latent class model was estimated only with latent
class indicators (substance use and initiation), with the
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previously determined number of classes. Subsequently,
using the latent class posterior probabilities obtained in
the first step, the most likely class variable was calculated.
In the final step, the most likely class was regressed on
predictor variables, adjusting for the classification error
[37]. To avoid local maxima, multiple starting values
(5000 starts, 1000 optimizations) were used for all mod-
els. Additionally, for the latent class regression analysis
models, we inspected all solutions to determine if the
classes could be distinguished and related to the LCA
models without covariates. Furthermore, all analyses
accounted for the clustering of students within school
classes. The analyses were conducted using Mplus ver-
sion 8.2 [38] and R version 3.4.3 and 3.5.1, with the LCCA
package version 2.0.0 [36].

Missing data

Of all the cases, 13.3% had missing values for sub-
stance use indicators and/or covariates. Each covariate
and substance use indicator had less than 5% missing
values. Missing values for the substance use indica-
tors were dealt with using full-information maximum
likelihood (FIML) procedures, incorporated in the
LCA, assuming to be missing at random. However,
FIML approaches cannot handle missingness on the
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predictors of latent class membership [35]. Therefore,
we multiply imputed by chained equations 50 data-
sets for each gender, using the Multiple Imputation by
Chained Equation (MICE) package for R. The model of
multiple imputation included all covariates used in the
latent class regression analysis, as well as the substance
use indicators and other variables related to the missing
covariates. The 50 datasets for each gender were ana-
lysed in Mplus, using the starting values from the first
imputation analysis in the subsequent datasets, and
pooling results by Rubin’s rules [38, 39]. Two cases had
complete missing data on substance use indicators and
were listwise deleted. The final sample included 1551
participants. A complete case analysis was also pre-
formed (n=1346) with similar results.

Results

Characteristics of the sample

Tables 1 and 2 report descriptive statistics of adoles-
cents included in this study, including substance use
measures and covariates, stratified by gender. In the
overall sample, lifetime prevalence for alcohol use was
79.7%, followed by tobacco at 40.4%, and cannabis aat
11.3%.

Table 1 Descriptive statistics for sociodemographic, family, school and peer covariates, stratified by gender

Covariates Boys (n=680; 43.8%) Girls (n=873; 56.2%) X/t 14
Age 1546 (0.34) 1547 (0.34) —0472 0.637
Family Affluence Scale score (range 0-9) 6.04 (1.77) 5.93(1.86) 1.174 0.241
Family structure 0.338 0.561
Living with both parents 76.8% 78%
Other 23.2% 22%
Communication with mother 3322 0.19
Good 72.2% 72.2%
Poor 20% 22.8%
Do not have or see 3.1% 1.9%
Communication with father 74.985 <0.001
Good 59.4% 38.6%
Poor 304% 51.4%
Do not have or see 7.1% 7.9%
Good school satisfaction 70% 79.8% 18.789 <0.001
Good perceived academic achievement 453% 42% 1.713 0.191
Bullying (at least once) 35.3% 20.9% 41.201 <0.001
Victimisation (at least once) 37.5% 27.9% 17.209 <0.001
Fighting (at least once) 32.2% 15% 68.732 <0.001
Psychological symptoms? (range 4-20) 736 (342) 8.885 (3.77) —8.2923 <0.001
Somatic symptomsb (range 4-20) 5.78 (2.5) 7.231(3.36) —9.7211 <0.001

Significant values are shown in italics

Results presented in percentage or mean (standard deviation). x¥>—Chi square test value. t—T test statistic. p—p-value

2 4-item checklist (feeling low or depressed, feeling irritable or bad tempered, feeling nervous, sleeping difficulties in the past 6 months); higher score meaning more

symptoms

b 4-item checklist (headache, backache, stomachache, dizziness, in the past 6 months); higher score meaning more symptoms
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Table 2 Descriptive statistics for substance use indicators,
stratified by gender

Substance use indicator Boys Girls X p
Alcohol age of initiation 16.865 <0.001
Never 18% 20.8%
> 13 years old 29.9% 20.8%
<13yearsold 521%  585%
Drunkenness age of initiation 6.934 0.031

Never 62.4% 68%
>13yearsold 34% 30%
<13 years old 3.4% 2%
Smoking age of initiation 1.915 0.384
Never 62.4% 58.4%
> 13 years old 34% 33.1%
<13 yearsold 3.4% 7.6%
Cannabis lifetime 23.04 0.002
Never 84.4% 90.8%
Once or twice 6.3% 4.6%
3-5times 2.5% 0.8%
6-9 times 0.9% 0.8%
10-19 times 1.6% 0.9%
20-39 times 0.4% 0.6%
40 times or more 2.9% 0.8%
Alcohol past 30-day use 47.962 <0.001
Never 46.5% 49.9%
Once or twice 26.9% 35.1%
3-5times 12.4% 9.7%
6-9 times 575 2.3%
10-19 times 4.3% 1.6%
20-39 times 0.9% -
40 times or more 1.5% 0.5%
Drunkenness past 30-day 11.130 0.133
Never 85% 88.9%
Once or twice 9.1% 7.9%
3-5times 1.9% 0.95
6-9 times 0.4% 0.5%
10-19 times 0.6% 0.2%
20-39 times 0.3% 0.2%
40 times or more 0.9% 0.1%
Smoking past 30-day 9.112 0.245
Never 79.4% 80.6%
Once or twice 6.8% 7.2%
3-5times 1.6% 1.8%
6-9 times 2.8% 1.3%
10-19 times 2.1% 2.7%
20-39 times 2.25 2.5%

40 times or more 4.1% 3.4%

Significant values are shown in italics

X?>—Chi square test value. p—p-value
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Model selection

Initially, a 5-class model was identified, including the
whole sample (Additional file 1: Table S1). However,
this class structure was not appropriate to describe
both boys and girls, based on the result of the likeli-
hood-ratio test comparing models with item-response
probabilities constrained and not constrained to be
equal by gender (p<0.01). Additionally, inspection
of the item-response probabilities by gender for the
5-class model further attested this, with difficult inter-
pretability of the results, especially for the higher-risk
classes.

Subsequently, we performed LCA separately for
boys and girls (Table 3). For boys, the 4-class solu-
tion provided the lowest sample size adjusted BIC and
corrected AIC, and the 3-class solution provided the
lowest BIC. For girls, the 5-class solution provided
the lowest sample size adjusted BIC and corrected
AIC, and the 3-class solution provided the lowest BIC.
Applying the principle of parsimony [33] and interpret-
ability we ultimately chose the 4-class model for boys
and girls, with good entropy (>0.8) in both models.
The bootstrapped likelihood ratio test also supported
the better fit of the 4-class solution compared with the
3-class solution for both boys and girls.

Substance use and initiation latent classes

Three common classes for both girls and boys were
identified, specifically, Non-Users (36.79%, 34.42%,
respectively), Alcohol Experimenters (43.98%, 38.79%)
and Alcohol and Tobacco Frequent Users (10.36%,
21.31%). One unique class was found for girls—Alco-
hol Experimenters and Tobacco Users (18.87%), and
another identified for boys—Early Initiation and Poly-
Substance Users (5.48%). Figure 1 shows the estimated
class proportions as well as the probabilities of endors-
ing each item, given class membership, for boys and
girls.

Non-Users had the lowest report of lifetime use and
past 30-day use of any substance, with similar results for
both boys and girls. Alcohol Experimenters was the larg-
est class in both genders, with a higher probability of ini-
tiation after age 13 compared with the Non-Users, but
with low past 30-day alcohol use.

Alcohol and Tobacco Frequent Users class, for both
genders, endorsed high probability of past 30-day alcohol
use, smoking, drunkenness, lifetime cannabis use, as well
as high probability of early initiation of alcohol, drunk-
enness and smoking. Girl’s Alcohol and Tobacco Frequent
Users class tended to present heavier patterns of use,
when compared to males’ homonym class. This contrasts
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Table 3 Fit indices for models with different number of latent classes without covariates, for boys and girls separately

Number Free parameters LL AIC AICC BIC aBIC Entropy BLRT p-value
of classes
Girls
1 29 —4557.71 917343 917549 9311.81 9219.72 NA NA
2 59 —4026.9 8171.81 8180.51 8453.35 826598 0.836 <0.001
3 89 —3883.03 7944.05 7967.51 8368.75 8086.11 0.809 <0.001
4 119 —3800.78 7839.57 787749 840743 8029.51 0.807 <0.001
5 149 —3739.76 7777.53 7839.35 8488.55 8015.36 0.835 <0.001
6 179 —3699.53 775707 7850.06 8611.25 8042.78 0.859 <0.001
7 209 —3668.88 7755.75 7888.15 8753.08 8089.35 0.866 <0.001
Boys
1 30 —4052.14 8164.28 8167.16 8299.86 8204.61 NA NA
2 61 —3560.51 7243.03 72553 751869 732501 0.856 <0.001
3 92 —3451.46 7086.93 7116.18 7502.69 7210.58 0.864 <0.001
4 123 —3358.33 6962.67 7017.73 751852 7127.99 0.819 <0.001
5 154 —3315.33 6938.66 7029.94 7634.6 7145.64 0.836 <0.001
6 185 — 327894 6927.88 7067.76 776393 7176.53 0.82 <0.001
7 216 —3248.12 692824 7131.59 7904.38 721856 0.846 <0.001

Italic for best values

LL log-likelihood, AIC Akaike information Criterion, AICC Corrected Akaike Information Criterion, BIC Bayesian Information Criterion, aBIC sample-size adjusted
Bayesian Information Criterion, BLRT Bootstrapped Likelihood Ratio Test

Girls Non-users (26.79%) Boys Non-users (34.42%)
1.00 1.00 1.00 1.00
075 075 075 075
050 050 050 050
025 025 025 025
0.00 0.00 0.00 L f— o0 ——
Alcohol Experimenters (43.98%) Alcohol Experimenters (38.79%)
1.00 1.00 1.00 1.00
075 0.75 075 0.75 Initiation categories
050 050 0.50 0.50 Never
>=13ylo
200 000 0.00 — = —
Alcohol and Tobacco Frequent Users (10.36%) Alcohol and Tobacco Frequent Users (21.31%) Use categories
100 1.00 1.00 1.00 Never
Once or twice
0.75 075 075 075 3-5times
050 050 050 . 6-9times
W 0-10times
000 — 000 - — 000 e . I <otmescrmore
Alcohol Experimenters and Tobacco Users (18.87%) Earlv Initiation/ Polv-substance Users (5.48%)
1.00 1.00 1.00 1.00
075 075 075 075
050 050 050 050
- - - . -
— -

0.00 0.00 0.00 0.00
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Fig. 1 Probability of responses to substance use items conditional on latent class membership. y/o = years old; init. = initiation
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with the Alcohol Experimenters class in which boys tend
to have slightly heavier profiles, when compared to girls.

Girl's Alcohol Experimenters and Tobacco Users are
somewhat similar to the Alcohol Experimenters class in
both boys and girls, but with higher past 30-day smoking,
but lower than boy’s and girl's Alcohol and Tobacco Fre-
quent Users and boy’s Early Initiation and Poly-substance
Users class.

Boy’s Early Initiation and Poly-substance Users class
has the highest probability of 40 times or more cannabis
lifetime use, and past 30-day alcohol, drunkenness and
smoking than any other class in both genders, as well as
the highest probability of early initiation.

Latent class regression analysis

Latent class regression analysis was performed to esti-
mate the adjusted odds ratios between class member-
ship and sociodemographic, family, school, peer and
individual factors, stratified by gender (Additional file 1:
Table S2 and S3). Figure 2 presents the results with Non-
Users as the reference class. This class was used because
it represents the lowest risk class.

Alcohol experimenters

Male and female adolescents in the Alcohol Experiment-
ers class had higher odds of having higher family afflu-
ence score compared to the Non-users class (odds ratio
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1.25 CI 1.09-1.42). We found gender specific associa-
tions, namely family factors for girls, and school and peer
factors for boys. Girls in the Alcohol Experimenters class
have higher odds of not living with both parents (OR,;;
2.25 CI 1.08-4.69) and reporting poor communication
with their mother (ORg;,, 2.05 CI 1.11-3.81). Boys pre-
sent higher odds of low school satisfaction (ORy, 3.12
CI 1.51-6.45) and bullying (OR,,, 2.25 CI 4.3), and lower
odds of poor perceived academic performance (ORy,,
0.53 CI 0.3-0.94), compared with the Non-Users class.

Alcohol and tobacco frequent users

Compared with the Non-users class, male and female
adolescents in the Alcohol and Tobacco Frequent Users
class had higher odds of involvement in physical fighting
and bullying others, with higher odds for girls (bullying
OR;,y 3.01 CI 1.5-6.01; ORy;y5 3.97 CI 1.59-9.91; fight-
ing ORy,qy 4.22 CI 2.33-7.65; OR 8.11 CI 2.50-26.29).
As for the Alcohol Experimenters class, a higher FAS
score was associated with Alcohol and Tobacco Frequent
Users class membership compared with the Non-Users
class, for both boys and girls (OR;,, 1.39 CI 1.09-1.78;
ORy;5 1.55 C11.20-2.02).

However, family factors were specifically associated
with Alcohol and Tobacco Frequent Users class mem-
bership in girls, but not boys, namely not living with
both parents (OR;; 3.78 CI 1.56-9.17) and reporting

0 . . . . .
(OR) 1.33, 95% confidence interval (CI) 1.14-1.61, OR,;;; ~ poor communication with their mother (ORy, 3.82 CI
Girls (reference class = Non-Users) Boys (reference class = Non-Users)
Agel  mmmmmmmmmerees = M B Agel  mmmmemeeee droomoqanae
.- —.-
Family Affluence g Family Affluence oden
____________
Family structure (other) Family structure (other)1 — =mdmeee- dropessss
Poor comm. w/ mother Poor comm. w/ mother
Do not have/see mother Do not have/see mother
Poor comm. w/ father Poor comm. w/ father
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Fig. 2 Adjusted odds ratios (full model) between class membership and sociodemographic, family, school and peer factors (reference class
Non-Users). *=unique class; Poor comm. w/mother = poor communication with mother; Poor comm. w/father = poor communication with father
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1.64-8.85) and father (ORy 2.76 CI 1.34-5.65). Addi-
tionally, specifically in female adolescents, higher psy-
chological symptoms were associated with higher odds
of Alcohol and Tobacco Frequent Users class membership
(ORy; 1.16 C1 1.05-1.27).

We also found specific associations for Boys in the
Alcohol and Tobacco Frequent Users class, specifically
higher odds of poor school satisfaction (OR,, 5.07 CI
2.52-10.18), and lower odds of victimisation (ORy, 0.43
C10.23-0.82), compared with the Non-Users class.

Girl’s alcohol experimenters and tobacco users

This class had similar associations with the Alcohol and
Tobacco Frequent Users class. Girls not living with both
parents (OR,, 3.22 CI 1.4-7.44) as well as girls who
reported poor communication with their mother (OR,;
3.66 CI 1.99-6.75) had higher odds of membership to the
Alcohol Experimenters and Tobacco Users class than the
Non-Users class. School and peer factors such as bully-
ing (ORyy, 3.85 CI 1.82-8.17), fighting (ORyy, 2.54 CI
1.11-5.8) and poor school satisfaction (OR,;, 2.22 CI
2.22-4.04) were associated with higher odds of Alcohol
Experimenters and Tobacco Users class membership.

Boy'’s early initiation and poly-substance users
Male adolescents in this class had higher odds of report-
ing fighting and bullying, comparable to the Alcohol and
Tobacco Frequent Users class, but with wider confidence
intervals (fighting OR, . 3.54 CI 1.52-8.24; bullying
OR;ys 3.18 CI 1.33-7.59). Contrasting with the other
classes in both genders, this class was not associated with
higher family affluence score, compared with the Non-
Users class.

We found no associations with class membership for
somatic symptoms, and no contact with father or mother
figure for any class or gender.

Discussion

This study demonstrates that there are gender differences
in substance use patterns among adolescents, and that
both boys and girls can be empirically divided into differ-
ent subgroups of substance use and initiation. Addition-
ally, we found a common core of associated factors for
higher risk substance use patterns among boys and girls,
namely higher socioeconomic status, low school satisfac-
tion, bullying and fighting. However, family structure,
communication with parents and psychological distress
exert different effects according to gender. Female adoles-
cents who report poor parent-adolescent communication
and who do not live with both parents have higher odds
of belonging to the Alcohol and Tobacco Frequent Users
class and Alcohol Experimenters and Tobacco Users class.
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Previous LCA studies [22, 40—42] also reported 4 latent
classes of adolescent substance use, spanning from non-
users to polysubstance users. A cross-sectional study of
12th grade American adolescents found 6 classes of sub-
stance use, with additional profiles such as current smok-
ers and binge drinkers [21]. Some studies also reported a
3-class solution with nonusers, experimenters and mul-
tiusers [43, 44]. These results are due to different opera-
tionalisation of substance use variables and inclusion of
illicit drug use, which makes it difficult to compare sub-
stance use classes between studies.

We found more problematic substance use patterns in
boys, namely early initiation and poly-substance use. The
highest risk profile found in girls (Alcohol and Tobacco
Frequent Users) was also found in boys, but the profile
Early Initiation and Poly-substance Users was not. Addi-
tionally, boys endorsed a higher cannabis lifetime use,
especially in the early initiation subgroup. A recent cross-
national survey on adolescent substance use [1] reported
higher rates of early initiation and frequency of alcohol,
tobacco and cannabis use in boys. A longitudinal study
focusing on patterns of alcohol use and multiple risk
behaviours [45] found that the prevalence of alcohol use
at early stages of adolescence was higher in boys, as was
higher cannabis use at 15 years. A previous study [46],
using data from an ethnically diverse sample of adoles-
cents, also reported that boys were more likely to be pol-
ysubstance users, despite the identification of the same
class structure for both boys and girls. In a sample of 12th
grade American students, females had higher odds of
being in the experimenter classes and males in the binge
drinker class [21]. However, gender differences in class
membership have not been consistently reported in LCA
literature, with some studies reporting negative findings
[22, 43, 44, 47].

A higher socioeconomic status was associated with
riskier substance use classes membership. This result is
concordant with previous research [48—50], and may be
due to the availability of financial resources that allows
easier substance access. However, for the early initiation
class, socioeconomic status was not associated with class
membership, compared to Non-Users. A longitudinal
study that focused on patterns of cannabis use in adoles-
cence [51] found no association of socioeconomic status
with early initiation of cannabis use.

Good school connectedness and satisfaction is associ-
ated with better mental health and substance use out-
comes [24]. In our study boys who report low school
satisfaction had higher odds of membership in all higher
risk classes. However, for female adolescents, low school
satisfaction was only associated with Alcohol Experi-
menters and Tobacco Users membership. Previous
research has consistently associated bullying and physical
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fighting with substance use and other risk behaviours
[52-54]. Correspondingly, boys and girls in the Alcohol
and Tobacco Frequent Users classes were more likely to
report involvement in bullying and fighting, with higher
odds for girls compared with boys. Relatedly, in a recent
longitudinal study [55], bullying in adolescence is asso-
ciated with maladjustment and substance use in early
adulthood, but only in girls.

Previous research [56, 57] has shown that adoles-
cents living with both biological parents are less likely to
engage in illicit or problematic substance use compared
with other family typologies. It has been proposed that
economic hardship, poorer supervision and parental
support, as well as higher levels of negative affect, are
responsible for the association of certain family struc-
tures (single-parent, stepparent) with adolescent sub-
stance use [58]. Our study found that adolescents not
living with both parents are more likely to be in higher
risk substance use classes, but only for girls. A similar
result was reported by a recent cross-national study [57],
using data from the 2005/06 HBSC study, in which not
living with both parents and having a poor relationship
with parents were associated with weekly smoking, espe-
cially among girls.

In the literature, family communication has been con-
sidered an important protective factor against substance
use in adolescence, being a core element of good parent-
ing [59]. Our study found that poor communication with
the father and poor communication with the mother
were associated with higher odds of membership in risk
substance use classes in girls, but not boys. Difficult par-
ent—child communication appears to be a risk factor for
low life satisfaction in boys and girls, with easy commu-
nication acting as a protective factor only for girls [60].
Previous research has found that female adolescents who
lack relational closeness with their fathers are more likely
to endorse risk behaviours such as substance use and sex-
ual risk-taking [61]. However, a cross-sectional study of
10th graders who participated in the 2005/06 US HBSC
study [16] found that good parental communication was
protective for substance use only in boys.

Psychological distress has been associated with ado-
lescent substance use [62]. In our study, a higher psy-
chological symptoms score was associated with Alcohol
and Tobacco Frequent Users class membership, but only
in female adolescents. Accordingly, a recent longitudi-
nal study found bidirectional effects between depressive
symptoms and alcohol use, only in girls [63]. Relatedly,
using data from a prospective population-based cohort,
the association between depressive symptoms and alco-
hol use was only found for girls [64]. A cross-sectional
study of Norwegian high-school students reported the
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association of higher levels of anxiety symptoms with
alcohol consumption only in girls [65].

We did not find any association between somatic symp-
toms and substance use latent classes membership. In
contrast to this result, a cohort study of American 10th
grade students reported elevated levels of somatic and
depressive symptoms in poly substance users [66]. Simi-
larly, a cluster analysis study of developmental pathways
of adolescent substance use found that individuals with a
gradual increase in substance use consumption between
age 14 and 19 reported more health complaints (head-
ache, backache, stomach ache, tiredness and insomnia)
compared with the low use and abstainer group [67].

Strengths and limitations

LCA has several advantages compared with other alter-
natives, such as k-means cluster analysis, including prob-
ability-based classification, assistance in determination of
number of optimal number of clusters, and the possibility
for classification and analysis to be performed simulta-
neously [68]. For the latent class regression analysis, we
used the corrected 3-step implemented in Mplus [37],
reducing bias in estimates of the strength of association
between covariates and latent classes [30, 69]. The sam-
ple used is representative of school-aged children in
Portuguese public schools and the questionnaire used
has good psychometric properties, with several stud-
ies showing self-report measures are highly reliable [70].
However, this study is not without limitations. Its cross-
sectional design does not allow the establishment of cau-
sality. Also, no objective measures of substance use were
available. The reliability of the substance use responses
could not be controlled, due to no inclusion of a dummy
drug in the questionnaire. The study also lacks informa-
tion about binge drinking or other illicit drugs (cocaine,
heroin, ecstasy). The latent classes are dependent on sub-
stance use variables operationalisation, and the cut-offs
for the categorisation can be somewhat arbitrary; stud-
ies that dichotomise substance use indicators may ignore
important differences between adolescents who have
normative and problematic use [42]. With this issue in
mind we preserved the 7-category responses for the sub-
stance use indicators. We included different contextual
variables, spanning school, peer, and family factors. How-
ever, variables on family substance use and attitudes, as
well as peer substance use, would be of great relevance to
this study.

Conclusion

This study found three common patterns of substance
use in boys and girls, specifically, Non-users, Alco-
hol Experimenters and Alcohol and Tobacco Frequent
Users, but also two different unique patterns: Alcohol
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Experimenters and Tobacco Frequent Users in girls, and
Early initiation and Poly-substance Users class in boys.
Although poor school satisfaction, bullying, fighting and
higher FAS score formed a common core of associated
factors of substance use, we found gender differences
for these factors. Girls in the Alcohol and Tobacco Fre-
quent Users class have higher odds of fighting and bully-
ing compared with their male counterparts. In girls, but
not in boys, poor parental communication and not living
with both parents were associated with more problem-
atic substance use. Additionally, psychological symptoms
were found to be associated with frequent alcohol and
tobacco use, but only in girls. These findings underscore
the need for substance use prevention and health promo-
tion programmes tailored to female and male adolescents
that account for potential different patterns and associ-
ated individual, family, school and peer factors.

Key findings

+ We identified distinct substance use and initiation
patterns in boys and girls.

« Early initiation and poly-substance use formed a
unique pattern, only found in boys.

+ DPoor school satisfaction, bullying, fighting and higher
family affluence scale score were associated with sub-
stance use for both genders.

+ In girls, poor parent-adolescent communication is
associated with higher risk profiles.

+ DPsychological symptoms were found to be associated
with frequent alcohol and tobacco use, only in girls.
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