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A B S T R A C T

Non-mainstream rock music preferences, such as metal, have been linked to substance use in adolescence and 
emerging adulthood. This study examined whether these links persist into adulthood, with particular attention to 
gender differences. From ages 15 to 22, 364 participants (59% female) annually reported their interest in metal 
music. Problematic alcohol and cannabis use were assessed at age 35. Control variables, including early use and 
known risk factors were measured during early adolescence, along with as metal music interest at age 35. Latent 
trajectory analysis revealed two groups: low interest (non-fans; 67%) and high interest (fans; 33%). Gender 
moderation analysis showed that women in the high-interest trajectory were more likely to report problematic 
alcohol use at age 35. These findings suggest that sustained engagement with metal during adolescence and 
emerging adulthood may function as a developmental and sociocultural marker of elevated risk for problematic 
drinking among some women. This association likely reflects a combination of selection and contextual pro
cesses, including gendered experiences within music scenes, rather than a direct causal effect of musical 
preference.

Music plays a particularly meaningful role in the lives of many ad
olescents and young adults (Bonneville-Roussy et al., 2013). Beyond 
entertainment, it serves as a powerful medium through which they make 
sense of themselves and the world around them, shaping their social
ization, supporting identity formation, and helping them navigate 
emotional and behavioral challenges (Franken, Keijsers, & Bogt, 2017; 
Franken, Keijsers, Dijkstra, & Ter Bogt, 2017). Through repeated 
engagement with the sounds, lyrics and meanings of the genres they 
cherish, youth often internalize the norms, values, and behavioral ex
pectations embedded within these musical cultures (Rentfrow & 
Gosling, 2006; Selfhout et al., 2008). For some, a strong identification 
with marginal music cultures such as metal can carry particular signif
icance. These cultures often provide a broader worldview and set of 
values from which young people can draw to shape who they are and 
who they aspire to become (Arnett, 1996; Becht & Ter Bogt, 2026; 
MacDonald & Saarikallio, 2022). Music can foster a sense of belonging 
and serve as a form of resistance. At the same time, it may also promote 
attitudes and behaviors that place youth at risk at the identity, psy
chosocial, and behavioral levels (Ter Bogt et al., 2021). Metal culture, 
especially, encourages its followers to challenge social conventions 
perceived as restrictive or stigmatizing (Lozon & Bensimon, 2014). In 

this context, certain risky behaviors, such as alcohol and cannabis use, 
may become symbolic acts, allowing young fans to embody and perform 
their affiliation with a culture built around ideals of excess, provocation, 
and marginality (Spracklen, 2018). For many, these practices are more 
than simple habits; they become part of a meaningful narrative of who 
they are and how they choose to stand apart. Given that substance use 
patterns established during adolescence and young adulthood tend to 
persist and sometimes escalate into more problematic forms later in 
adulthood (Kairouz et al., 2008), a sustained preference for metal during 
these formative years may represent a long-term vulnerability. The 
present study explores this possibility by examining how trajectories of 
metal preference from adolescence into early adulthood relate to alcohol 
and cannabis use in the mid-thirties. Gender is also examined as a po
tential moderator, as men and women often navigate and experience 
metal culture in distinct ways.

Mainstream versus non-mainstream rock music

Mainstream music (e.g., pop) and non-mainstream music (e.g., 
metal, goth rock and punk) differ on several dimensions, including their 
popularity, the nature of their themes, their sonic and aesthetic 
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qualities, and the characteristics of their audiences (Gardikiotis & 
Baltzis, 2011). Popular music tends to reach broad and diverse audi
ences through accessible themes and a sound designed for widespread 
appeal. Non-mainstream genres, in contrast, generally cultivate more 
specialized communities of listeners who are drawn to distinctive 
artistic styles, expressive intensity, or alternative cultural identities. 
These genres often explore more complex or emotionally charged topics 
and convey atmospheres that can be darker or more introspective (ter 
Bogt et al., 2012).

Non-mainstream rock, including metal, goth rock, and punk, is 
distinguished from mainstream rock, which is typically more melodic 
and oriented toward mass radio audiences (Dowd, 2013). The sound and 
atmosphere of non-mainstream rock subgenres are often described as 
intense, raw, and deliberately unconventional. This aesthetic emerges 
from both their thematic content, sometimes provocative or somber, and 
their sonic qualities: heavily distorted guitars, fast and forceful drum
ming, and abrasive textures that together create a powerful and 
immersive musical experience. Listeners are often drawn to these genres 
because they resonate with themes of existential questioning, margin
ality, or emotional struggle.

At the same time, metal is not a monolithic genre, but an umbrella 
encompassing a wide range of subgenres, such as extreme metal, thrash 
metal, symphonic metal, progressive metal, and doom metal, each 
organized around distinct constellations of musical aesthetics, thematic 
concerns, and stylistic conventions. Despite these important differences, 
many elements are broadly recognizable across metal (e.g., heavy 
distortion, amplified intensity, emphasis on intensity and emotional 
expression, etc.), though they often manifest differently depending on 
subgenre and scene.

Metal culture frequently addresses personal and social challenges, 
including experiences of injustice and alienation (Lacourse et al., 2001). 
It is grounded in a stance of questioning or resisting societal norms 
perceived as exclusionary or oppressive (Arnett, 1996; Ter Bogt et al., 
2021). As such, the metal scene provides both a voice and a sense of 
belonging for individuals who feel misunderstood or marginalized, of
fering a cultural space in which darker or more complex life experiences 
can be expressed. At the same time, this culture values authenticity and 
resistance to conformity and the pressure associated with social con
formity (Ter Bogt et al., 2011). Yet, despite this emphasis on freedom 
and self-expression, implicit behavioral norms continue to reflect 
broader gender inequalities: women in the metal scene often face pres
sures to demonstrate their legitimacy by adhering to masculine-coded 
standards (Krenske & McKay, 2000). Metal thus represents not only a 
musical genre but also a social world with a strong collective identity, 
shaped and reinforced through its visual, symbolic, and cultural ex
pressions of defiance and emotional release (Weinstein, 2000).

Pioneering bands such as Black Sabbath and Judas Priest helped lay 
the foundations, as early as the 1970s, for a musical and cultural 
movement that is rich, evolving, and multifaceted (Hein, 2004). Met
allica's Master of Puppets (1986) further exemplifies the genre's long
standing orientation toward questioning social pressures and resisting 
superficiality. Over time, metal has developed into a culture, sometimes 
even a counterculture, centered on the pursuit of an authentic sense of 
self, expressed with intensity and conviction (Weinstein, 2000). Many 
fans describe themselves as “proud outsiders” embracing forms of 
emotional release and transgression as ways of asserting a distinct 
identity and finding solidarity within a community of like-minded in
dividuals (Hein, 2004). Visual elements inherited from biker culture, 
including black leather, long hair, piercings, studs, and metal acces
sories, symbolize a deliberate distancing from dominant stylistic norms 
and a celebration of alternative modes of expression. Within this 
context, behaviors such as heavy alcohol or drug use have sometimes 
been understood as expressions of resistance to social expectations, 
serving both as markers of group belonging and as means of coping with 
psychological and social pressures (Arnett, 1993; Lozon & Bensimon, 
2014). Iconic figures such as Ozzy Osbourne came to symbolize these 

extreme, boundary-pushing dimensions of metal culture. These prac
tices can be viewed as intense forms of defiance in response to experi
ences of stigma, constraint, or mismatch between personal desires and 
social prohibitions. Importantly, many of these behaviors have histori
cally aligned with broader masculine norms within the metal scene.

Evolution of metal preference from adolescence to young 
adulthood

Several longitudinal studies have examined how preferences for non- 
mainstream rock evolve as youth move from adolescence into young 
adulthood. The longitudinal study by Delsing et al. (2008), conducted 
with 2344 participants (Mage = 14.4 at T1; 75.2% girls), found that 
most adolescents lose interest in non-mainstream rock around ages 
17–18, while a smaller group maintain and, in some cases, deepen their 
interest into their early twenties. This developmental period is one in 
which musical preferences tend to stabilize, becoming more stable and 
more confidently claimed as part of one's identity (Delsing et al., 2008). 
In this sense, the trajectories of non-mainstream rock preference 
emerging in adolescence are not linear but reflect diverse and evolving 
paths.

In a similar vein, Ter Bogt et al. (2021) assessed musical preferences 
on six occasions between ages 12 and 21 using the Music Preference 
Questionnaire (MPQ-R; Sikkema, 1999) among 900 Dutch adolescents 
(51.1% girls). Multivariate latent growth curve analyses identified three 
distinct trajectories of preference for metal: a high trajectory declining 
after age 18 (7% of the sample), a moderate and stable trajectory (15%), 
and a low and stable trajectory (78%). Overall, the appeal of metal 
typically rises between ages 13 and 17 before tapering off around age 18. 
After this point, those who maintain a strong preference for metal often 
begin to stand out more clearly from mainstream youth culture. These 
findings point to a subgroup of young metal fans whose commitment to 
the genre remains steady from adolescence into the early twenties, a 
group whose musical attachment can be seen as a meaningful thread 
running through their developmental journey.

Developmental and cultural affiliations perspective on links 
between non-mainstream rock music preference and substance 
use

Music can be a lifeline during adolescence and emerging adulthood, 
helping youth express and regulate difficult experiences (Miranda et al., 
2012). Through the genres they embrace, adolescents explore who they 
are becoming, find emotional resonance, and locate communities where 
shared taste becomes a form of mutual recognition. It is therefore un
derstandable that youth facing psychosocial difficulties gravitate toward 
musical worlds that mirror, validate, or give voice to their inner expe
riences (Ter Bogt et al., 2021). In this context, associations have been 
observed between culturally marginal music genres and higher alcohol 
or cannabis use (Ter Bogt et al., 2021). Importantly, these links should 
not be interpreted as evidence that non-mainstream rock causes mal
adjustment. Rather, they likely reflect a mix of selection and social in
fluence processes embedded in broader psychosocial, sociocognitive, 
identity-related, and motivational contexts.

Developmental contextualism

To integrate these processes within a single framework, we rely on 
developmental contextualism (Lerner, 1989) which conceptualizes 
development as emerging from bidirectional interactions between in
dividuals and their contexts. Within this perspective, individuals 
actively select environments that may, over time, reinforce their 
behavior patterns. In this framework, mechanisms often discussed in 
relation to metal music engagement, such as peer affiliation and so
cialization, norms and learning processes, and identity and coping 
functions, are better understood as interconnected aspects of 
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person–context interactions rather than as separate explanations. 
Accordingly, musical preferences are conceptualized as developmental 
markers embedded within a broader sociocultural context. Metal pref
erence, in this view, reflects that context rather than constituting a direct 
source of risk.

Psychosocial and sociocognitive mechanisms

One pathway involves peer selection and socialization processes. 
Music Marker Theory (Ter Bogt et al., 2013) builds on the idea that 
“similarity fosters affiliation”: youth tend to form friendships with peers 
who share similar musical tastes and align with the attitudes and 
behavioral norms associated with a given musical culture (Liu et al., 
2018). Within these groups, young metal fans may experience implicit 
or explicit pressures tied to metal identity (Slater & Henry, 2013). In 
addition, peer contexts centered around metal music may normalize and 
sometimes encourage alcohol and cannabis use (Franken, Keijsers, & 
Bogt, 2017; Franken, Keijsers, Dijkstra, & Ter Bogt, 2017). In this 
sense, marginal musical preferences may function as markers of expo
sure to specific peer environments, which can place some youth on 
trajectories characterized by heightened substance-use risk.

Cognitive mechanisms

The General Learning Model (Buckley & Anderson, 2006) suggests 
that repeated engagement with media content, including music, can 
shape cognition and behavior in both the short and long term. According 
to this model, listening to music activates mental schemas, physiological 
responses, and emotions that, once triggered, guide the listener toward 
behaviors consistent with the activated cognitive script. For example, 
attentive and emotionally engaged listening to Black Sabbath's Sweet 
Leaf (1971), an explicit ode to cannabis and its euphoric, liberating ef
fects, may activate cognitive, emotional, and physiological scripts 
associated with cannabis use. Such activation can influence thoughts 
about consumption, evoke positive emotions such as relief or exhilara
tion, and stimulate the listener in ways that may reinforce the appeal of 
cannabis use (Coyne & Padilla-Walker, 2015). Over time, repeated 
exposure to musical content that valorizes alcohol or cannabis use may 
contribute to the gradual consolidation of more permissive 
substance-related schemas and norms, potentially increasing normali
zation of these practices.

Identity and motivational mechanisms

Adolescence is a pivotal period for the development of individual and 
social identity (Tajfel & Turner, 1979). Because identities are still 
forming, youth may be especially receptive to groups and cultural en
vironments that offer a coherent system of meanings, values and a sense 
of belonging. Belonging to a group defined by a marginal musical 
preference, such as metal, actively contributes to identity formation by 
shaping the self according to group norms (Selfhout et al., 2008; Ter 
Bogt et al., 2013). When a young metal fan engages in this identity 
quest, they may do so with great intensity, potentially becoming deeply 
invested in the group's norms and values. Motivated by inclusion, young 
members may internalize identity expectations, sometimes with limited 
critical distance, particularly when belonging provides a strong sense of 
meaning and social recognition (Akerlof & Kranton, 2002). Metal cul
ture is often described as distinctive, unconventional, and anti- 
authoritarian identity, and may nonetheless require strong conformity 
(Larsson, 2013). For many, metal is not merely a musical taste but a way 
of life, implying adherence to transgressive values and practices (Hines 
& McFerran, 2014; Przybylski et al., 2010). Metal fans often describe 
themselves as outsiders, embracing their musical identity as a symbol of 
independence from authority. This sense of belonging provides a shared 
cultural framework that they perceive as essential to their psychological 
balance, even as it carries identity-related risks (Ter Bogt et al., 2021).

Within this context, alcohol and cannabis use can be interpreted as 
expressions of personal freedom, resistance to authority, or rejection of 
dominant social norms. Thus, belonging to metal-oriented peer groups 
functions as a double-edged sword: it can provide refuge, belonging, and 
protection against alienation, yet also reinforce behaviors, such as 
excessive substance use, that intensify marginalization and contribute to 
stigma (Frandsen, 2010).

Empirical studies on metal music and alcohol and drug use

Since the 1990s, most studies have shown that young metal fans are 
more likely to consume alcohol and cannabis compared to their peers 
who prefer mainstream or “quintessential” styles, such as jazz or clas
sical music (Chen et al., 2006; Lacourse et al., 2001; Miranda & Claes, 
2004; Mulder et al., 2010). In addition, a cross-sectional study found 
that adolescents drawn to intense, rebellious, and energetic musical 
styles, such as metal, report higher levels of alcohol and cannabis use 
than those who do not engage with these genres (Tanner et al., 2008). 
The longitudinal study by Ter Bogt et al. (2021), described above, 
further indicates that sustained metal fans (7% of their sample) showed 
higher levels of cannabis and illicit drug use between ages 18 and 21. 
Alcohol consumption, however, was not assessed in this study. Impor
tantly, none of these studies examined whether the association between 
metal preference and substance use might contribute to the develop
ment of problematic substance-use patterns later in adulthood.

Substance use in adolescent metalheads: long-term trends

Adolescence and early adulthood are key periods of identity devel
opment, during which young people seek to assert their autonomy and 
differentiate themselves from others. It is also during this period that 
many young people first initiate alcohol and cannabis use sometimes 
serving as a means of self-expression or rebellion (Feldstein & Miller, 
2006). These developmental processes contribute to the emergence of 
problematic substance use (Schulenberg et al., 2019). Youth aged 15 to 
24 show the highest rates of binge drinking, alcohol dependence, and 
cannabis use (Kairouz et al., 2008). The habits formed during these years 
tend to persist and increase the risk of substance-related disorders in 
adulthood (McCabe et al., 2022). In this context, the link between a 
sustained preference for metal music throughout these developmental 
stages and long-term problematic alcohol and cannabis use should be 
examined.

Moderating role of gender

Research has consistently documented the predominance of men 
within the metal fanbase (Arnett, 1991, 1996). While metal culture 
primarily attracts males, women comprise roughly one-third of its fans 
(Laakasuo et al., 2025). Norms and behaviors associated with partici
pation in metal culture are often socially coded as masculine and may 
therefore be experienced differently, or judged more harshly, when 
adopted by women (Hill, 2016).

Metal culture is experienced differently by men and women. Studies 
indicate that female metal fans often encounter multiple forms of 
marginalization: drawn to metal as a space for self-expression and 
escape from restrictive social expectations, they may enter an environ
ment that is already marginal and male-dominated, where they may feel 
objectified or excluded (Messick et al., 2024; Rogers & Deflem, 2021). 
To establish legitimacy within this subgroup, some women may engage 
more intensively in behaviors such as alcohol or cannabis use, which are 
socially associated with masculinity (Hill, 2016). Yet these behaviors, by 
conflicting with broader societal expectations for women, may amplify 
their social stigmatization. These dynamics suggest that young female 
metal fans may face unique challenges: the very engagement that sup
ports their identity and belonging within the metal community may also 
expose them to heightened social scrutiny and potentially increase the 
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risk of problematic patterns of substance use.

Current study

This present study builds on previous work by examining trajectories 
of metal music engagement and their long-term associations with 
alcohol and cannabis use, with attention to gender as a moderating 
variable.

The first aim is to identify metal music engagement trajectories using 
data collected annually from age 15 to 22. Based on Ter Bogt et al. 
(2021), it is anticipated that three trajectories will emerge: one char
acterized by consistently high engagement with metal music, another 
marked by high interest during adolescence that diminishes in emerging 
adulthood, and a third indicating a stable lack of interest throughout the 
period (Hypothesis 1). The second aim is to examine how these metal 
engagement trajectories relate to substance use outcomes measured at 
age 35. Specifically, the study focuses on three indicators of problematic 
alcohol use (alcohol-related consequences, binge drinking, and alcohol 
dependence) and one indicator of cannabis use (frequency). These as
sociations are examined while controlling for baseline levels of key 
variables, which have been identified as early predictors of later prob
lematic substance use (Arteaga et al., 2010; Chassin et al., 2002; 
Hayatbakhsh et al., 2008; Van Ryzin et al., 2012). These variables were 
assessed at ages 13–14, prior to the trajectory period and include anti
social behavior, depressive symptoms, parental monitoring, alcohol use 
and cannabis use. Additionally, metal music engagement at age 35 was 
included as a control to account for any potential influence on the as
sociation between metal trajectories and substance use. It is hypothe
sized that individuals with a sustained preference for metal music will 
report higher levels of problematic substance use at age 35 compared to 
those in the other two groups (H2). The third aim is to examine whether 
sex moderates the association between metal engagement trajectories 
and substance use in adulthood. This exploratory aim examines whether 
sustained metal preference from ages 15 to 22 is differentially associated 
with adult substance use among men and women.

Methods

Participants

The data used in this study were derived from a longitudinal project 
initiated in 2001 with 390 students (Mage = 12.38, SD = 0.42, 58% 
female) from 6th grade classes within a school board located in the 
greater Montreal area. Most of the participants (90%) identified as 
Caucasian, originating from families where both parents (mother/fa
ther) had equivalent levels of education, with an average of 13.08 years 
(SD = 2.68) for mothers and 13.20 years (SD = 3.20) for fathers. Most of 
the participants came from intact families (69%). These families' 
average annual income at the beginning of the study was $CA 48,750 
(SD = 12,500). Participants underwent repeated assessments until age 
35, with 76% (n = 297) of the original sample participating in the final 
data collection. The subsample selected for the first aim of the study 
includes participants who reported their music preferences on at least 
one occasion between the ages of 15 and 22 (n = 364; 59% female). The 
subsample selected for the second and third aim includes participants 
who reported their substance use at age 35 (n = 297, 63% female).

Procedures

At ages 13 and 14, participants completed questionnaires in class 
under the supervision of research assistants. Between the ages of 15 and 
22, they took part annually in structured telephone interviews con
ducted by trained research assistants. At age 35, data were collected 
through an online self-report survey. Parental consent was obtained up 
to age 18, after which participants provided their own consent. Partic
ipants were financially compensated for their involvement. Ethical 

approval was granted by the Human Research Ethics Committee at the 
authors' university.

Instruments

Metal music engagement from ages 15 to 22
Metal music engagement was assessed using an item adapted from 

the Music Preference Questionnaire (Nater et al., 2005). The interviewer 
asked the participants if they liked metal, using Metallica and Slayer as 
examples. The participants responded on a 3-point Likert scale (1 = not 
at all, to 3 = very much).

Substance use at age 35

Alcohol-related consequences
Alcohol-related consequences over the past year were assessed using 

16 items from the “Screening/Assessment of Help Needs-Alcohol” 
(Tremblay & Blanchette-Martin, 2009) rated on a 5-point Likert scale (0 
= Never or almost never, to 4 = Always or almost always). Examples of 
items are “Have you missed work or school days because of your 
drinking?” and “Has your drinking negatively affected one of your 
friendships or one of your close relationships?” A mean score was 
computed, with higher scores indicating greater alcohol-related conse
quences (α =0.84).

Binge drinking
Past-year binge drinking was assessed with a single item: “In the past 

12 months, how many times have you consumed five or more drinks on a 
single occasion?”. Participants could select any whole number from 0 to 
20, as well as 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, and 75 or more. The 
reference period of the past year is commonly used to link alcohol 
consumption to alcohol-related problems (Cranford et al., 2006), and 
this categorization aligns with the National Institute on Alcohol Abuse 
and Alcoholism's past-year binge drinking measure (Internet., 2007).

Alcohol dependence
Alcohol dependence was assessed using 11 items from the Severity of 

Alcohol Dependence Data Questionnaire (Raistrick et al., 1983), trans
lated in French by Tremblay and Blanchette-Martin (2009). Each item is 
rated on a 5-point Likert scale (0 = Never or almost never, 4 = Always or 
almost always). Example items include: “Do you find it hard to stop 
thinking about drinking?” and “Do you drink all day long, from morning 
till night?”. A mean score was computed, with higher scores indicating 
greater levels of alcohol dependence (α =0.87).

Frequency of cannabis use at age 35
Cannabis use over the past 12 months was assessed using a: “During 

the past 12 months, how frequently have you used cannabis (e.g., hash, 
pot, etc.)?”. Participants responded by indicating the number of times 
they had used cannabis during the past year, using a scale from 0 to 5 (0 
= Never; 1 = Less than once per month; 2 = 1–3 times per month; 3 =
Once or twice per week; 4 = 3–6 times per week; 5 = Every day).

Control variables at ages 13 and 14

Average alcohol use per month
Participants reported their alcohol consumption frequency using the 

item: “How many alcoholic beverages (e.g., beer, wine, shots, etc.) have 
you consumed in the past month?”. Responses were recorded on a 13- 
point frequency scale, ranging from 0 to 13 (41 drinks/times or more).

Average cannabis use per month
Participants responded to an item assessing cannabis use: “How 

many times have you used cannabis or hashish in the past month?”. 
Responses were recorded on a 13-point frequency scale, ranging from 
0 to 13 (41 times or more).
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Antisocial behavior
Participants were asked to respond to a 16-item questionnaire that 

combined items from the antisocial behavior scale by (Metzler et al., 
1998,) along with items from the questionnaire developed by Janosz 
et al. (2007), providing a more comprehensive evaluation. Items 
included “skipped school without permission”, “stole or attempted to 
steal items valued at $5 or more” and “intentionally damaged or tried to 
damage property.” Responses were recorded on a 6-point frequency 
scale ranging from 1 (never) to 6 (more than 10 times). A mean score 
was calculated across items (α = 0.82 at both times).

Depressive symptoms
Participants completed the validated French version of the Children's 

Depression Inventory (CDI; Boivin et al., 1994; Kovacs, 1985), which 
consists of 26 items. Each item offered three statements reflecting 
varying levels of symptom severity over the preceding two weeks (e.g., 
“I feel tired sometimes,” “I am often tired,” or “I am always tired”), and 
respondents selected the one that represented their experience the most. 
Total symptom scores were obtained by summing responses across 
items, with higher scores denoting more pronounced depressive symp
toms. The measure demonstrated good internal consistency (α = 0.82 
and 0.86).

Parental monitoring
Parental monitoring was measured using the parental knowledge 

scale from Stattin and Kerr (2000) Parental Supervision Questionnaire. 
Adolescents provided responses to nine items assessing the extent of 
their parents' awareness regarding their activities. Items were rated on a 
5-point Likert scale, ranging from 0 (never) to 4 (always or almost al
ways). Sample items include: “Do your parents know what you do in 
your free time?” and “Do your parents know the friends you meet in your 
free time?” Higher scores reflected greater parental knowledge. The 
scale demonstrated great internal consistency (α = 0.84 and 0.85).

Given that the control variables were measured at ages 13 and 14, 
mean scores were computed to obtain more reliable indicators of the 
early adolescence period. Pearson's product-moment correlations be
tween data collection points were in the high range (r = 0.61 to 0.69) 
which allowed the use of mean scores.

Metal music engagement at age 35
Metal music engagement was assessed using one item from the 

Musical Questionnaire (Heisbourg, 2021). The item was: “Do you like 
metal? (extreme metal, trash metal, symphonic metal, progressive 
metal, doom metal, etc.)”. Participants responded on a 5-point Likert 
scale, ranging from 0 (I hate) to 5 (I adore).

Statistical analyses

Analyses were conducted using Mplus v.8.8 (Muthén & Muthén, 
1998). Missing data were estimated with the Full Information 
Maximum Likelihood (FIML) method which estimates, from the entire 
data base, model parameters that maximize the probability of identi
fying the observed data (Baraldi & Enders, 2010). Thus, participants 
who did not complete all measurement points were still included in the 
latent class trajectory analyses if they reported their music preference at 
least once between the ages of 15 and 22 (N = 364). The regression 
model and invariance analyses on the CFA were conducted with infor
mation from all participants who had alcohol and cannabis data avail
able at age 35 (N = 297). Models were estimated with the robust 
Maximum Likelihood Estimator (MLR), which adjusts for non-normality 
in some variables (e.g., alcohol use and depressive symptoms) and 
provides robust standard errors and fit indices.

The analyses were conducted to address three core objectives. First, 
we identified distinct trajectories of metal music engagement from ages 
15 to 22. Second, we examined the associations between these trajec
tories and problematic alcohol, and cannabis use at age 35. Prior to 

addressing this second aim, two preparatory analyses were performed: 
(1) a confirmatory factor analysis (CFA) to validate the latent structure 
of problematic alcohol use, and (2) a gender invariance analysis of this 
latent variable. Third, we assessed whether sex moderated the longitu
dinal associations between music trajectories and substance use out
comes. These objectives were addressed within a Structural Equation 
Modeling (SEM) framework.

First, a single-trajectory Latent Growth Model (LGM; Walls et al., 
2006) was estimated to examine changes in metal music engagement 
from ages 15 to 22. This model assessed: 1) the overall shape of the 
growth curve, 2) the intercept, slope, and quadratic term, and 3) the 
heterogeneity in intra-class variance. Time was treated as a fixed equi
distant parameter, with mean engagement scores spanning from age 15 
(fixed at 0, representing the first time point of the metal music 
engagement trajectories) to age 22 (fixed at 7). Model fit was evaluated 
using χ2 (non-significant values indicate good fit), the Root Mean 
Squares Error of Approximation (RMSEA; ≤ 0.05 indicates a good fit; 
(Browne & Cudeck, 1993), and the Standardized Root Mean Squared 
Residual (SRMR; ≤ 0.08 for acceptable fit; Marsh et al., 2004), as well as 
the Comparative Fit Index and the Tucker–Lewis Index (CFI/TLI: ≥ 0.95 
represent an excellent fit; Hu & Bentler, 1999).

Second, a Latent Class Growth Analysis (LCGA; Muthén & Muthén, 
2000) was conducted to identify distinct trajectories of metal music 
engagement, grouping individuals with similar developmental trajec
tories across a repeated measure. In this approach, variation within 
subgroups is assumed homogeneous, so the variance of latent slopes and 
intercepts was fixed to zero within each class but allowed to vary be
tween classes. Time points were fixed incrementally. Several fit indices 
were used to identify the optimal number of latent trajectories: Akaike 
Information Criterion (AIC; Akaike, 1987), Bayesian Information Crite
rion (BIC; Schwarz, 1978), and Sample Size Adjusted Bayesian Infor
mation Criterion (SSABIC), where lower values reveal better fit; entropy 
(Celeux & Soromenho, 1996), where values over 0.8 reveal good clas
sification and values close to 1 reveal high classification precision; 
posterior probabilities of latent class membership (Muthén & Muthén, 
2000), where values under 0.8 reveal classification uncertainty; 
Vuong-Lo-Mendel-Rubin (VLMR), Lo-Mendell-Rubin Likelihood Ratio 
Test (LMR-LRT; Lo et al., 2001) and Bootstrap Likelihood Ratio Test 
(BLRT; McLachlan & Peel, 2000) where non-significant p-values (p >
.05) suggest that adding a class does not significantly improve model fit, 
and significant p-values (p < .05) indicate a better fit with the additional 
class.

Third, a confirmatory factor analysis was performed to examine the 
factorial structure of the problematic alcohol use latent variable 
(alcohol-related consequences, past-year binge drinking, and alcohol 
dependence), subsequently incorporated into the model as a dependent 
variable using goodness-of-fit indices such as the χ2 test, CFI, TLI, 
RMSEA and SRMR. The validity of the latent variable was evaluated 
from these indices to determine how well the indicators explain the 
latent component.

Fourth, gender invariance of the latent problematic alcohol use 
construct was evaluated by first testing for configural invariance, then 
metric (weak), and finally scalar invariance (strong) in accordance with 
the invariance measurement steps suggested by Brown (2006). Config
ural invariance assesses the equivalence of the factor structure across 
sexes, metric (weak) serves to confirm that the items of each factor hold 
equivalent meaning and scalar invariance (strong) ensures mean-level 
comparisons across groups (Bonneville-Roussy et al., 2013). Following 
the guidelines outlined by Marsh et al. (2009), model fit is considered 
acceptable when CFI and TLI exceed 0.90, and excellent when values 
surpass 0.95. For RMSEA and SRMR, values below 0.08 indicate 
acceptable fit, while values below 0.05 reflect excellent fit. In testing for 
measurement invariance, it is standard practice to compare chi-square 
values (Δχ2) to evaluate whether a more constrained model fits the 
data adequately (Brown, 2006). However, because the chi-square sta
tistic is highly sensitive to sample size, it may unfairly penalize larger 
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samples. To address this, Chen (2007) recommends evaluating changes 
in fit indices. Specifically, a change of less than 0.010 in CFI or TLI, 
combined with a change of less than 0.015 in RMSEA or 0.030 in SRMR, 
provides evidence for invariance and supports the more restrictive 
model. In the present study, the configural model was just identified (df 
= 0) and therefore had perfect fit (by definition). As such, metric 
invariance was based on absolute fit indices and a chi-square difference 
test.

Finally, the latent variable for problematic alcohol use and the 
cannabis use variable were incorporated into the model along with the 
metal music engagement trajectories. Fig. 1 presents the tested model. 
To account for potential sex differences, we tested the equivalence of the 
regression associations by sex. Baseline levels at ages 13–14 (depression, 
antisocial behavior, parental monitoring, alcohol use, cannabis use) as 
well as metal music engagement at age 35 are included as control 
variables.

Results

Descriptive statistics

Descriptive statistics and correlations (Spearman) between the study 
variables are reported in Table 1. Examination of this table indicates that 
average metal music engagement remains relatively stable over time, 
with scores consistently closer to those of non-fans. Test-retest correla
tions across adjacent time points indicate good temporal stability. Over 
time, metal music engagement shows increasing correlations with 
problematic substance use at age 35 (alcohol and cannabis). Indicators 
of problematic alcohol use and frequency of cannabis are also positively 
correlated with each other. Sex was positively associated with both 
problematic alcohol use and the frequency of cannabis use, suggesting 
that men are more likely to encounter these issues. Additionally, sex 
showed positive correlations with metal music engagement across all 
time points, indicating a stronger engagement with this musical genre 
among men. All control variables were positively correlated with 
alcohol and cannabis related outcomes, although the strength of these 
associations varied. The strongest correlations are with early substance 
use, followed by parental knowledge and depressive symptoms (of 
comparable strength), with antisocial behavior showing the smallest 
positive associations.

Identification of trajectories

Step 1: unconditional latent growth model (LGM)
To confirm the relevance of considering multi-trajectory models, a 

one-trajectory Latent Growth Model was used to determine (1) the 
heterogeneity in the intra-class variance and (2) the shape of the tra
jectory a priori.

Analysis of the single-class trajectory revealed that a quadratic model 
best describes the evolution of metal music engagement in this sample 
(N = 364). The linear model was specified and parameters estimated (χ2 
(23) = 67.92, p < .001; CFI = 0.94; TLI = 0.95; RMSEA = 0.073 [90% CI 
= 0.054, 0.094]; SRMR = 0.052), but it did not fit the data as well as the 
quadratic model that showed an excellent fit (χ2(19) = 50.84, p < .001; 
CFI = 0.96; TLI = 0.96; RMSEA = 0.068 [90% CI = 0.046, 0.091]; SRMR 
= 0.040). Although the χ2 is reported, this fit index tends to favor small 
samples and is often significant with complex models and large samples, 
as in the present study (Wang & Wang, 2019). The cubic term was also 
tested but did not converge.

The intra-class variance for all growth factors (intercept, linear, and 
quadratic) was significant (p ≤ .001), supporting the use of multi-class 
models. Consequently, multi-trajectory models were evaluated using 
the LCGA procedure to verify the presence of distinct developmental 
trajectories in metal music engagement.

Step 2: conditional latent class growth analyses (LCGA)
To determine the optimal number of homogenous latent classes, the 

model fit information was used (see Table 2 for statistical indices for 
one-, two- and three-class models). Models with two, and three classes 
were compared to assess the best fit.

The fit indices of the model with two growth trajectories were 
excellent: entropy was 0.89, both the values of the LMR-LRT and VLMR- 
LRT were significant (p = .000), with posterior probabilities of class 
membership greater than 0.90, indicating accurate class assignments. 
The inclusion of a third class did not improve the model. Although the 
three-class model showed lower (i.e., improved) AIC, BIC and SSABIC 
values, it was not retained due to non-significant results on the VLMR, 
LMR-LRT and BLRT tests as well as reduced entropy. Therefore, the two- 
class model was considered the optimal solution.

The two metal music engagement trajectories are shown in Fig. 2. As 
predicted, most participants (67.31%; N = 245; 72.45% female) 

Fig. 1. Model of metal music trajectories and substance use.
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Table 1 
Descriptive statistics and correlations between study variables.

Study variables M (SD) Correlations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Metal music engagement
1. Age 15 1.64 (0.81) 0.69** 0.52** 0.41** 0.45** 0.37** 0.36** 0.42** 0.32** 0.21** 0.18** 0.23** 0.23** 0.10* 0.17** 0.20** 0.25** 0.18** 0.23**
2. Age 16 1.70 (0.82) 0.62** 0.48** 0.48** 0.38** 0.37** 0.38** 0.34** 0.23** 0.22** 0.24** 0.25** 0.12* 0.17** 0.17** 0.18** 0.14** 0.27**
3. Age 17 1.72 (0.81) 0.59** 0.51** 0.43** 0.42** 0.44** 0.32** 0.18** 0.16** 0.17** 0.21** 0.10** 0.16** 0.17** 0.15** 0.07 0.29**
4. Age 18 1.62 (0.78) 0.70** 0.60** 0.59** 0.57** 0.43** 0.24** 0.22** 0.20** 0.25** 0.07 0.12* 0.11* 0.10* 0.07 0.28**
5. Age 19 1.58 (0.75) 0.68** 0.68** 0.64** 0.48** 0.28** 0.25** 0.25** 0.30** 0.05 0.09 0.10* 0.10* 0.05 0.28**
6. Age 20 1.69 (0.79) 0.71** 0.74** 0.53** 0.34** 0.34** 0.33** 0.37** 0.06 0.12* 0.15** 0.10* 0.05 0.29**
7. Age 21 1.72 (0.80) 0.80** 0.53** 0.35** 0.34** 0.34** 0.42** 0.12* 0.18 0.18** 0.09 0.05 0.28**
8. Age 22 1.66 (0.77) 0.50** 0.34** 0.31* 0.32** 0.36** 0.07 0.13* 0.16** 0.10* 0.06 0.25**
Problematic alcohol-use at age 35
9. Alcohol-Related Consequences 0.89** 0.90** 0.75** 0.20** 0.20** 0.29** 0.29** 0.15** 0.22**
10. Past-Year Binge Drinking 0.89** 0.75** 0.23** 0.22** 0.30** 0.29** 0.12* 0.25**
11. Alcohol Dependence 0.75** 0.22** 0.20** 0.25** 0.30** 0.15** 0.22**
Cannabis use at age 35
12. Frequency of Cannabis Use 0.15** 0.21** 0.26** 0.25** 0.05 0.25**
Control variables at ages 13–14
13. Average alcohol-use per month 0.71** 0.66** 0.45** − 0.02 0.08
14. Average cannabis use per month 0.69** 0.45** 0.12* 0.1
15. Antisocial behavior 0.52** − 0.12* 0.15**
16. Depression 0.52** − 0.53
17. Parental Knowledge 0.03
Control variable at age 35
18. Metal music engagement 1.61 (1.78) 0.67** 0.65** 0.65** 0.72** 0.75** 0.15** 0.20** 0.22** 0.07 0.37**
Moderator
19. Gender

Note. N = 364 1 = Women, 2 = Men. * = p < .05. ** = p < .01.
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followed a “Lower metal music engagement” trajectory (Class 1), char
acterized by low initial interest in metal music at age 15, with a slight 
increase over time. The intercept for this group was M = 1.34 (p < .001), 
the slope was M = − 0.07 (p < .05), and the quadratic slope was M = 0.02 
(p < .001). This group maintained a consistently low engagement 
throughout the period, with scores remaining close to 1.34 throughout 
the period. A smaller group (32.69%; N = 119; 27,55% female) followed 
a “Higher metal music engagement” trajectory (Class 2), which 
demonstrated higher initial engagement at age 15 that slightly declined 
over time, though it remained relatively high throughout the period. The 
intercept for this group was M = 2.39 (p < .001), the slope was M = 0.07 
(p > .05), and the quadratic slope was M = − 0.01 (p < .05). Contrary to 
expectations, the “Declining metal music engagement” trajectory char
acterized by a high initial engagement at age 15 followed by a signifi
cant decline in emerging adulthood did not emerge from the analysis.

Links between metal music trajectories and problematic substance use

Confirmatory factor analysis model
A confirmatory factor analysis was conducted to assess the statistical 

validity of the latent construct of problematic alcohol use on a sub
sample of 297 participants who completed assessments at age 35. In the 
initial model (including only alcohol-related items), only standardized 
factor loadings are reported; model fit indices are not available as the 
model was saturated. All indicators significantly contributed to their 

respective latent constructs. The standardized loadings for alcohol- 
related consequences, past-year binge drinking, and alcohol depen
dence in relation to problematic alcohol use were 0.84, 0.73, and 0.90, 
respectively, all significant at p < .001. This indicates adequate mea
surement of the latent construct.

Gender invariance of the latent construct
Using the same subsample and following standard procedures for 

longitudinal invariance measurement, we estimated a series of increas
ingly constrained models: configural, metric (weak) and scalar (strong; 
Little, 2024). At each level, the more restrictive model was compared to 
the preceding one using both absolute fit indices and chi-square differ
ence testing (Bonneville-Roussy et al., 2013). The results provide evi
dence of scalar invariance of the problematic alcohol use latent 
construct across sexes. Model fits and comparative results for gender 
invariance analyses are presented in Table 3.

Regression model
A regression model was then conducted based on the scalar invari

ance model on a sample of 297 participants, each assigned to a metal 
music trajectory. The predictors included metal music trajectories and 
baseline measures of antisocial behavior, depression, parental moni
toring, alcohol use, and cannabis use (assessed at ages 13 and 14), as 
well as metal music engagement at age 35. The latent construct of 
problematic alcohol use and cannabis use at age 35 served as dependent 

Table 2 
Fit indices for one-, two- and three-class models for metal music engagement.

Solution AIC BIC SSABIC Average Latent Class Probabilities Entropy Class Counts and Proportions MLR- LRT (p) VMLR- LRT (p) BLRT (p)

1-class 4026.08 4088.34 4037.58 – – – – – –
2-class 3993.26 4051.64 4004.047 97.6% 

95.5%
0.89 32.32% (117) 

67.68% (245)
*** *** ***

3-class 3898.69 3972.63 3912.35 86.6% 
93.7% 
95.7%

0.844 23.48% (85)  

19.34% (70)  

57.18% (207)

n.s n.s ***

Note: AIC = Akaike information criterion, BIC = Bayesian information criterion, SSABIC = sample size adjusted BIC, LMR-LRT = Lo-Mendell-Rubin adjusted likelihood 
ratio test, VLMR-LRT = Vuong-Lo-Mendell-Rubin Likelihood Ratio Test, BLRT = Bootstrapped Likelihood Ratio Test. Optimal model is in bold.
*p < .05; **p < .01; ***p < .001.

Fig. 2. Model with two metal music trajectories (LCGA). 
Note: The MPQ-R (Nater et al., 2005) scale ranges from 1 (I do not like metal) to 3 (I adore metal), with 2 representing (I am indifferent to metal).
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variables. To examine sex differences in the associations between tra
jectories and substance use outcomes, regression coefficients were 
estimated separately for males and females using a multigroup 
approach. The remaining paths in the model (i.e., between baseline 
levels and DV) were constrained to be equal across sexes, separately for 
each dependent variable, except for metal engagement at age 35 which 
was freely estimated due to its conceptual association with the main 
predictor.

The model fit was good (CFI = 0.97; TLI = 0.96; RMSEA = 0.04 [90% 
CI = 0.00, 0.07]; SRMR = 0.04). Additionally, results showed that for 
females, being on the high metal trajectory predicted greater problem
atic alcohol use (b = 0.47; β = 0.24; SE = 0.21; p = .023), but not 
cannabis use (b = − 0.01; β = − 0.004; SE = 0.28; p > .05). In other 
words, females following the high trajectory showed more alcohol- 
related problems than those on the low trajectory. For males, trajec
tories predicted neither alcohol use problems (b = − 0.14; β = -0.08; SE 
= 0.27; p > .05), or cannabis use (b = − 0.43; β = − 0.13; SE = 0.38; p >
.05).

For covariates, antisocial behavior at ages 13 and 14 predicted later 
problematic alcohol use (β = 0.26; SE = 0.18; p < .05), but less cannabis 
use at age 35 (ß = − 0.18; SE = 0.27; p < .05). Cannabis use at ages 13 
and 14 predicted cannabis use at age 35 (ß = 0.28; SE = 0.07; p < .01). 
Parental monitoring at ages 13 and 14 predicted less cannabis use at age 
35 (ß = − 0.15; SE = 0.16; p < .05). Finally, metal music engagement at 
age 35 predicted cannabis use at age 35 among women (ß = 0.23; SE =
0.09; p < .05) but not for men (ß = 0.17; SE = 0.11; p > .05).

Discussion

Previous research has documented associations between metal music 
preferences and substance use during adolescence and emerging adult
hood. However, most of these studies were cross-sectional and did not 
measure substance use beyond early emerging adulthood. Given that 
higher substance use at that age is likely to result in problematic use 
later in adulthood, a sustained preference for metal music from 
adolescence into emerging adulthood may have long-term problematic 
consequences for use. This study addressed this question using a 22-year 
longitudinal design that include repeated assessments of metal music 
preference from adolescence into emerging adulthood and problematic 
alcohol and cannabis use in established adulthood. The results of this 
study (1) identify two trajectories of metal music engagement across 
adolescence and emerging adulthood, including a lower one and a 
higher one, and (2) demonstrate that membership in the higher- 
engagement trajectory is associated with problematic alcohol use 
among women at age 35.

Trajectories of metal music engagement

Two distinct trajectories of metal music engagement emerged. The 
first, labeled the lower trajectory, included 67.31% of participants 
(72.45% female) who consistently reported disliking metal music be
tween the ages of 15 and 22. The second, the higher trajectory, included 
32.69% of participants (27.55% female) who maintained a sustained 
interest in metal music throughout this period. The fact that only a small 
number of women show a high level of interest in metal suggests that 

female metal fans face overlapping forms of marginalization, including 
being a minority even within the very community they identify with. 
Our findings differ from those of Ter Bogt et al., 2021), who identified a 
third trajectory characterized by a temporary infatuation with metal 
music during mid-adolescence (ages 13–17), which declined sharply by 
late adolescence (age 18). While such an intermediate trajectory was 
expected, its absence may be due to the exclusion of early/mid- 
adolescence (ages 13–14) from the longitudinal design. It is possible 
that a middle trajectory is discernible in early adolescence. It might have 
merged with the higher trajectory, as evidenced by the decline in in
terest around ages 17–18.

Metal engagement trajectories and problematic alcohol use at age 35

The results suggest women who like metal music during adolescence 
and emerging adulthood are more vulnerable to later problematic 
alcohol use at age 35 compared to women who did not, even after 
controlling for early adolescent alcohol use and several established risk 
factors for later substance-related problems. In contrast, men who 
preferred metal from 15 to 22 years of age did not differ from male non- 
fans on any substance-use indicators assessed.

These findings raise the question of why sustained metal engagement 
is associated with later problematic drinking among women but not 
men, and whether metal preference itself provides the most informative 
explanation. Given the study's limited ability to account for pre-existing 
adversity and for mediating or moderating processes linking trajectories 
to later substance use, the discussion is organized around two comple
mentary sets of hypotheses.

The first set focuses on processes embedded in participation in metal- 
related cultural contexts that may shape development in gendered ways, 
including identity-related dynamics, psychosocial and sociocognitive 
pressures, and coping functions. The second set considers the possibility 
that unmeasured underlying vulnerabilities or contextual factors ac
count for both metal engagement and later substance use (i.e., a third- 
variable or selection hypothesis). Importantly, these hypotheses are 
presented as plausible interpretations rather than directly tested 
mechanisms.

Metal culture as a developmental context

Adolescence and emerging adulthood are key periods for identity 
formation (Bosma, 2001). During this time, musical preferences often 
function as symbolic social badges that signal belonging and become 
woven into individuals' emerging life narratives (North & Hargreaves, 
2012). From this perspective, sustained engagement with metal may 
indicate that metal music related meanings, values, and peer contexts 
became developmentally salient for some women, potentially shaping 
socialization and coping over time.

One possible pathway is that metal may serve as a valued space for 
emotional expression, autonomy, and resistance to restrictive gender 
expectations. Qualitative research suggests that some women experi
ence metal as an outlet for emotional release and self-expression, 
particularly when other environments feel constraining (Krenske & 
McKay, 2000). In this context, alcohol use may sometimes serve a par
allel function by providing short-term relief or emotional discharge that 

Table 3 
Gender Invariance Model Fits and Comparisons.

Model CFI TLI RMSEA SRMR ΔCFI ΔTLI ΔRMSEA ΔSRMR Δχ2 df p

Invariance M1 1 1 0 0 0
M2 0.999 0.996 0.043 0.028 0.999 0.996 0.043 0.028 0.81 2 0.67
M3 1 1 0 0.029 0.001 − 0.004 − 0.043 0.001 0.66 4 0.72

Note. M1 = configural model; M2 = weak (metric) invariance; M3 = strong (intercept) invariance. Delta coefficients are the absolute differences between the models. 
M2 is compared with M1; M3 is compared with M2. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root-mean-square error of approximation; SRMR 
= standardized root-mean-square residual.
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aligns with a rebellious ethos.
A second, non-exclusive pathway concerns the social dynamics of 

legitimacy and belonging within some metal scenes. Although women's 
experiences likely vary across subgenres and local contexts, authenticity 
and legitimacy are often shaped by masculine norms (Krenske & McKay, 
2000). This perspective is consistent with ethnographic work conducted 
in Montreal, a major North American hub for metal music, which shows 
that women may feel pressure to establish credibility as legitimate scene 
members in male-dominated environments (Beauchamp, 2021). Under 
such conditions, heavy drinking may function not only as a coping 
strategy but also as a social practice that facilitates bonding, signals 
authenticity, or helps conform to masculine-coded expectations. 
Importantly, this interpretation does not suggest that these dynamics 
characterize all women who engage with metal; rather, they may apply 
to some women in specific scenes or at specific developmental periods.

These culture-linked dynamics may also intersect with broader 
gender norms surrounding alcohol use. Because heavy drinking tends to 
be more socially sanctioned for women than for men, behaviors 
accepted, or even valued, within some metal contexts may place women 
at odds with mainstream gender expectations (Chassin et al., 2002; 
Krenske & McKay, 2000; Nolen-Hoeksema & Hilt, 2009; Weinstein, 
2000; Young et al., 2005). At the same time, acceptance within 
male-dominated scenes may remain conditional on repeatedly demon
strating authenticity. For some women, this combination of pressures 
could contribute to the maintenance of risky drinking patterns. By 
contrast, men generally do not face the same tension between estab
lishing legitimacy within the scene and navigating broader societal ex
pectations regarding alcohol use. This framework may help explain why 
the long-term association emerged for alcohol but not cannabis. Alcohol 
often carries a distinct symbolic and relational role in social settings, 
including functions tied to bonding and adult participation, and may 
therefore be more likely than cannabis to function as a marker of 
belonging or legitimacy within certain peer contexts. This interpretation 
remains provisional and would require direct measurement of peer 
norms, identity-related pressures, and substance-use motives within 
metal-related environments.

Third-variable and selection explanations

An alternative interpretation is that the observed association reflects 
selection effects and unmeasured third variables rather than culture- 
specific socialization processes. In this account, earlier vulnerabilities, 
such as psychosocial adversity and sustained experiences of social dif
ficulties, may increase the likelihood of both gravitating toward non- 
mainstream music cultures and using alcohol as a coping tool. From 
this perspective, metal preference and later substance use may co-occur 
because they are both embedded in a broader constellation of devel
opmental experiences, not because metal engagement itself is the pri
mary driver of later drinking problems.

Several contextual processes invoked to explain the findings (e.g., 
perceived marginalization and social influences) were not directly 
assessed. Although the analyses controlled for early adolescent alcohol 
use and other established predictors (prior mental health, antisocial 
behavior), residual confounding remains plausible, especially for con
structs not measured in the dataset (e.g., social affiliations, peer-group 
norms, coping motives, emotional regulation difficulties, victimiza
tion). Accordingly, metal engagement may function as a developmental 
marker of broader vulnerability and coping contexts that also predict 
later substance use, rather than as a primary causal driver.

Female metal fans represent a small and largely understudied sub
group that has not previously been examined longitudinally with respect 
to their substance use. The interpretations offered here should be 
considered tentative. The proposed mechanisms are best viewed as 
theoretically informed hypotheses rather than established explanations.

Strengths, limitations and future studies

This study has several methodological strengths and makes a 
meaningful contribution to the literature on marginal musical prefer
ences and developmental outcomes. The longitudinal design spans 
nearly 22 years and benefits from a high retention rate, allowing for 
robust developmental analyses across adolescence, emerging adulthood, 
and established adulthood. Metal music preference was assessed 
repeatedly between ages 15 and 22, which enabled the identification of 
distinct trajectories of engagement using latent trajectory modeling 
rather than relying on single time-point measures. To our knowledge, 
this is the first longitudinal study to examine how sustained involvement 
in a marginal music culture during adolescence and emerging adulthood 
relates to problematic alcohol and cannabis use in mid-adulthood. 
Importantly, the study extends prior work by demonstrating that these 
associations are different across genders, thereby bringing attention to a 
subgroup of women who has remained largely invisible in longitudinal 
empirical research on music preferences and substance use. By identi
fying long-term associations that differ for women and men, the study 
moves beyond short-term risk correlations (confirmed by prior studies) 
and highlights how cultural preferences may be embedded within longer 
developmental trajectories. Furthermore, potential confounding factors 
were carefully addressed by controlling for early adolescent alcohol use 
as well as established risk factors for later substance-related problems. 
Although the study does not directly test mechanisms of risk amplifi
cation or amelioration, it provides a critical developmental foundation 
for future research to examine how identity-related, psychosocial, and 
contextual processes may shape long-term outcomes associated with 
marginal culture affiliations.

Nonetheless, several limitations should be noted. First, the sample 
was relatively socio-demographically homogeneous, which may limit 
the generalizability of the findings; replication in more diverse pop
ulations is needed to clarify how cultural engagement relates to devel
opmental outcomes. Second, the study relied on self-report data, raising 
the possibility of shared method variance and social desirability bias. 
This issue is particularly relevant for single-item indicators, especially 
the measure of metal music preference, which may show lower reli
ability and validity than multi-item or multi-method assessments. 
Accordingly, interpretations of musical trajectories should be made with 
caution, and future research using more robust measurement strategies 
is warranted, as we cannot assume that the observed long-term associ
ations are solely attributable to metal preference. An additional limita
tion concerns potential unmeasured confounding and selection effects. 
Because the design is correlational, causal inferences are not warranted. 
It is possible that earlier vulnerabilities, such as childhood or adolescent 
adversity, a persistent sense of social marginalization, or broader psy
chosocial difficulties predispose some individuals both to gravitate to
ward non-mainstream music cultures and to engage in substance use as a 
coping strategy. As such, the observed associations should not be 
interpreted as evidence that metal music or metal culture causally pro
duces later substance-related outcomes. Rather, consistent with our 
developmental and sociocultural framing, metal preference is best 
viewed as a marker of a broader constellation of experiences and con
texts that may co-occur with long-term risk. Potential protective di
mensions of involvement in non-mainstream music cultures (e.g., social 
support, identity affirmation) were not assessed, even though such fac
tors may help explain when cultural involvement is beneficial versus 
when it co-occurs with elevated risk.

Future research should examine the social and psychological pro
cesses that may underlie the long-term association between sustained 
metal preference among women and problematic alcohol use at age 35. 
Metal-focused studies could investigate gendered dynamics within 
relevant peer and cultural contexts (e.g., marginalization, identity for
mation, authenticity pressures, conformity to masculine-coded norms), 
alongside the emotion-regulation and coping functions that metal 
communities may serve. Research should also test whether early 
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adversity is a stronger predictor of later substance use than metal pref
erence, or vice versa, and whether metal preference adds incremental 
predictive value once adversity is considered. Because adolescence and 
emerging adulthood are periods when alcohol experimentation is com
mon, longitudinal studies could examine whether exposure to heavier- 
drinking norms in metal-oriented peer groups contributes to the 
consolidation of drinking motives and routines over time, while 
explicitly considering alternative explanations such as selection into 
specific peer contexts. They should also model early covariates not only 
as controls but as potentially protective or risk-enhancing influences (e. 
g., early substance use, parental knowledge, depressive symptoms, 
antisocial behavior), examining how these factors shape trajectories of 
music engagement and substance-use outcomes. Beginning the assess
ment of musical preferences in pre- and early adolescence would further 
improve our understanding of developmental processes of risk amplifi
cation and moderation. Finally, comparative research across multiple 
non-mainstream genres is needed to determine whether the observed 
patterns are specific to metal or reflect broader dynamics of subcultural 
involvement. Such analyses were beyond the scope of the present study 
because they require sufficiently large samples to estimate reliable tra
jectories across relatively uncommon and often gender-skewed music 
preferences, particularly for gender-stratified analyses. Future research 
should model trajectories for multiple genres within the same dataset, 
directly compare long-term outcomes, and examine gender differences 
within a unified analytic framework using sufficiently large samples to 
ensure adequate representation of women within each non-mainstream 
music preference group.

Conclusion

Prior studies have documented associations between preferences for 
certain non-mainstream music genres and short-term risks of problem
atic substance use during adolescence and emerging adulthood. How
ever, little is known about their long-term implications for alcohol and 
cannabis use in established adulthood, particularly among women 
involved in these music cultures. Extending this work, the present study 
suggests that sustained engagement with metal music between ages 15 
and 22 represents a developmental and sociocultural marker of 
increased risk for problematic alcohol use at age 35 among women, 
rather than a discrete causal factor.

The present study contributes to the literature by showing that fe
male fans who maintained strong involvement in the metal scene during 
adolescence and emerging adulthood were more likely to report prob
lematic drinking in adulthood, even after accounting for early alcohol 
use and early vulnerabilities to adult problematic alcohol use (i.e., 
depression, antisocial behavior, etc.). In contrast, male fans did not 
differ from male non-fans on any substance use indicators.

Adolescence and the early stage of emerging adulthood is marked by 
experimentation with alcohol and other substances. Because drinking 
habits often take shape during this period, the cultural emphasis on 
heavy drinking within the metal scene can reinforce risky behaviors at a 
critical time of identity formation. It is possible that these dynamics and 
cultural norms increase the likelihood that early experimentation 
evolves into persistent and problematic use later in life.

These findings support the interpretation of musical preferences as 
developmental markers, rather than as causal determinants of later 
problematic outcomes. Music often plays a positive role during adoles
cence and emerging adulthood by supporting identity formation, 
belonging, and emotional expression. However, for a subgroup of 
women, sustained engagement with metal music may coincide with 
broader psychosocial contexts that increase vulnerability to problematic 
alcohol use later in life.

Applied implications

Conceptualizing metal preference as a developmental marker 

embedded in a broader sociocultural context supports a reflective, non- 
alarmist interpretation of musical tastes. Rather than treating metal as a 
discrete risk factor, parents, educators, and clinicians can view sustained 
engagement with metal as a broader constellation of sociocultural and 
developmental influences and use it as starting point for open, non- 
judgmental conversations about what the music and the scene pro
vide, identity support, belonging, emotion regulation, and peer norms.

In some cultural environments, these elements may converge in ways 
that shape women's social experiences and coping strategies, including 
how and why alcohol is used, in ways that may be different from those of 
men. More broadly, gendered socialization, norm enforcement, and the 
symbolic role of alcohol may help explain why similar patterns of 
musical engagement are associated with long-term drinking outcomes 
among women but not men.

When substance use is present, this perspective can help practi
tioners explore whether alcohol or cannabis functions as coping, social 
functions, or identity signaling within specific peer contexts, and to 
support alternative coping strategies and healthier sources of belonging 
when needed. In short, metal preference is not a risk indicator but may 
help identify contexts that warrant clinical exploration and future 
research.
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