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[bookmark: _Hlk494286907]Abstract

In Canada, the highest increases in rates of sexually transmitted infections (STIs) and substance use disorders occur among emerging adults aged 18 to 29 years old. Most research on risk-taking behaviors have focused on adolescents or males only—especially gay and bisexual men. This study aimed to assess patterns of sexual and substance use risk-taking behavior (i.e., early sexual onset, number of sexual partners, inconsistent condom use, unconventional sexual behaviors, binge-drinking, and polysubstance use); investigate whether sociodemographic and individual characteristics predict risk-taking profiles; and examine whether risk-taking profiles are associated with differential health outcomes (i.e., STI testing and diagnosis, substance use problems). Latent class analyses were conducted on a sample of 602 heterosexual French-Canadian emerging adults (84% female; M age = 22.3) who completed an online questionnaire. Four profiles were identified: inactive low-risk (13.5%), active low-risk (34.7%), mid-risk (42.3%), and high-risk (9.5%). The two higher risk-taking profiles were overrepresented by older participants, females, and impulsive sensation seekers. Participants in the mid- and high-risk profiles had higher odds of having been screened for and been diagnosed with STIs, and of reporting more substance use problems. 





Profiles of Risk-Taking Sexual and Substance Use Behaviors among French-Canadian Emerging Adults: A Latent Class Analysis
The developmental period of emerging adulthood (18 to 29 years) is characterized by exploration, instability, optimism towards the future, self-focus, and identity formation (Arnett, 2000). This process can lead to a diversity of experimenting behaviors, including substance use and sexual exploration. Hook-ups and short-term sexual encounters are common in emerging adulthood (Boislard et al., 2016), and can serve as contexts to explore one’s sexual preferences (Stinson et al., 2014). Most emerging adults are also involved in social contexts such as bars, festivals, concerts, and parties in which substance use is normative or even encouraged (Wechsler & Nelson, 2008), and which offer opportunities to meet potential sexual partners. 
[bookmark: _Hlk485655103][bookmark: _Hlk484537695]Empirical Canadian evidence shows that emerging adulthood is particularly conducive to risk-taking behaviors; emerging adults are overrepresented in public health issues such as sexually transmitted infections (STIs) and problematic substance use, injuries, and accidental deaths (Lambert et al., 2017; Statistics Canada, 2015). However, risk-taking behavior varies widely between youths, and these differences could be explained by variations in individual characteristics. For instance, impulsivity was found to be positively related with risk-taking behavior among Australian emerging adults (Bradley & Wildman, 2002). Moreover, low self-esteem has also been linked to sexual risk-taking behaviors among American adolescents, such as early sexual onset—albeit mostly among girls—, multiple sexual partnerships, and inconsistent condom use (Ethier et al., 2006). A 15-year follow-up study of healthy Finnish adult twins found that lower life satisfaction was related to increased risk of high alcohol use (i.e., binge drinking; Koivumaa-Honkanen et al., 2012). Another birth cohort study in Australia found that participants who used cannabis more frequently had a lower quality of life at a 21-years follow-up (Fischer et al., 2015). 
[bookmark: _Hlk485399566]Sexual Risk-Taking 
Rates of STIs have increased over the last 15 years, especially among emerging adults. Among sexually active adults aged 21 to 29 years in Quebec, the prevalence rates of chlamydia among males and females, respectively, are 10.0% and 18.7%, and for gonorrhea, 1.4% and 1.9% (Lambert et al., 2017). This is concerning considering that not all emerging adults have transitioned to an active sex life. Sexual risk-taking behaviors (i.e., early onset, multiple partners, inconsistent condom use) tend to co-occur and cluster within the same individuals (Beadnell et al., 2005; Boislard et al., 2009; Vasilenko et al., 2015), and are directly involved in high STI prevalence rates (Vasilenko et al., 2015). Empirical evidence on the risks associated with early sexual onset (i.e., first consensual intercourse at or before the age of 15), inconsistent condom use, and multiple sexual partners cumulation, is paramount (Boislard & Poulin, 2011; Boisvert et al., 2017). Compared to their on-time peers (i.e. sexual onset between the ages of 16 and 18), early-onset adolescents often have less sexual knowledge, confidence, and assertiveness, are more susceptible to peer pressure, and are more likely to experience non-consensual sexual experiences, STIs, and unintended pregnancies (Kaplan et al., 2013). Since early sexual onset has been found to negatively impact youths’ psychosexual development, both concurrently and prospectively, due to their less developed social, emotional, and cognitive skills, which tend to increase with age and romantic and sexual experiences (Dixon-Mueller, 2008), it is considered a risk-taking behavior. In America, compared to youth with only one lifetime sexual partner, STIs rates are higher among youth with multiple sex partners (ratio 3:1; Forhan et al., 2009), mostly due to inconsistent condom use (Boislard et al., 2016; Zhao et al., 2017). Despite limited research on unconventional sexual behaviors (e.g., group sex, fisting, bondage, sadomasochism), studies have shown that sexual behaviors involving restraint, pain, or group sex are practiced by both individuals involved in the bondage and discipline, dominance and submission, or sadomasochism (BDSM) community (Powell, 2010), as well as by individuals from the general population in North America, Australia, and Europe (Cappelletti et al., 2016). One Brazilian study has linked unconventional sexual behaviors to more lifetime sexual partners and more frequent sexual activities, higher rates of substance use and dependence, and higher STI rates (Oliveira Jr & Abdo, 2010). Furthermore, when unconventional sexual behaviors are practiced without proper knowledge or training or in unsafe and unsupervised environments, they can be associated with impaired mental health (e.g., posttraumatic stress symptoms) and physical injury (Cappelletti et al., 2016; Oliveira Jr & Abdo, 2010; Powell, 2010).
Substance Use Risk-Taking
[bookmark: _Hlk485655375][bookmark: _Hlk525567807]A study conducted with American college students revealed that 34% of heavy and frequent drinkers thought their substance use was problematic, and that 16% had unsuccessfully tried to stop drinking (Presley & Pimentel, 2006).  According to the Centers for Disease Control and Prevention (2012), binge drinking is defined as consuming four or more drinks for women, and five or more drinks for men, within two hours or less. British and American studies showed that binge drinking is positively associated with impaired decision-making and impulse control, which are involved in unplanned and unprotected sexual encounters (Townshend et al., 2014; Rehm et al., 2011), and represents a significant risk factor for alcohol dependency (Wechsler & Nelson, 2008). While alcohol remains the most used psychoactive substance, studies suggest that many young Canadians use a variety of other psychoactive substances: 31% of adults aged 20 to 24 reported having used cannabis, cocaine∕crack, ecstasy, methamphetamines, hallucinogens, or heroin at least once over the last year, and 42% have used cannabis at least once in their life (Canadian Tobacco Alcohol and Drugs Survey, 2015). Polysubstance use is most frequent among emerging adults, and those aged 20–24 have riskier patterns of substance use and more substance use disorders than adolescents and older adults (Statistics Canada, 2015). 
Person-Centered Analytical Approaches
While traditional variable-centered approaches provide useful tools for describing the relationships between variables, person-centered approaches are particularly designed to identify subgroups of individuals sharing similar patterns of behavior. There are numerous advantages of person-centered analyses: They (1) assess the diverse nature of populations by clustering homogeneous groups of people based on a constellation of shared characteristics while also capturing between-group heterogeneity; (2) identify profiles emerging from the data while eliminating the effects of researcher preconceptions, which could obscure or undermine important differences between profiles; (3) compare competitive models with rigorous statistical criteria, which allows for the selection of an optimal model that is both objective and in line with the underlying theory; and (4) provide great flexibility in relation to the indicators entered in the models, but without the traditional clustering methods’ bias of creating clusters of equal size (Beadnell et al., 2005). Latent class analyses and latent profile analyses are increasingly popular for identifying risk-taking profiles. 
For example, in a study conducted among 228 African-American college students, Metzger and colleagues (2017)examined the frequency of alcohol use and of binge drinking episodes, lifetime number of sexual partners, and frequency of alcohol consumption before intercourse. Five profiles with distinctive features were identified: abstainers, low risk, sex-only risk, alcohol-only risk, and both alcohol and sex risks. In another study conducted among U.S. adolescents from grades 9 to 12, Sullivan et al., 2010) found four profiles:  non-sexually active, high-risk behavior; abstainers; experimenters, and high diverse risk behavior. Similarly, Lanza and Collins (2008) identified five profiles of risk-taking sexual behaviors from late adolescence to emerging adulthood: non-daters, daters, monogamous, multi-partner safe, and multi-partner exposed. These studies suggest the existence of distinctive profiles of sexual and substance use risk-taking behaviors. Individuals classified in their higher-risk profiles shared characteristics across studies: most had an early sexual onset, multiple partners, inconsistent condom use, and engage in substance use. Those engaging in polysubstance use report higher rates of engaging in sexual risk-taking and were the most likely to develop a substance use disorder (Brookmeyer & Henrich, 2009).
The reviewed literature provides useful knowledge on the bidirectional influences of sexual and substance use behaviors, and on their persisting co-occurrence over time (Boisvert et al., 2017; Metzger et al., 2017). However, our current knowledge remains limited. Firstly, most studies focus on a limited number of risk-taking behaviors, mostly unprotected sex, multiple sexual partners (Kaplan et al., 2013) and binge drinking (Metzger et al., 2017). Secondly, substance use risk-taking behaviors have been examined mostly for alcohol (Patrick & Maggs, 2010), illegal pharmaceutical opioids (Carlson et al., 2014) or injection substance use (James et al., 2013), but rarely for polysubstance use. The rare LCA studies assessing polysubstance use have mostly been conducted with men who have sex with men (Lim et al., 2015; McCarty-Caplan et al., 2014; Rice et al., 2016). Thirdly, few studies explored unprotected sex with both committed and casual partners (Konda et al., 2011). Fourthly, studies on risk-taking profiles have been conducted with males only (Konda et al., 2011; Masters et al., 2015), samples from the U.S. (James et al., 2013; Lanza & Collins, 2008; McCarty-Caplan et al., 2014) or developing countries (Konda et al., 2011; Lim et al., 2015), African-Americans samples (Metzger et al., 2017), and samples of adolescents (Sullivan et al., 2010), young adults (i.e. aged 17 to 20; Lanza & Collins, 2008), or older adults (McCarty-Caplan et al., 2014). To our knowledge, up to now, no study has examined sexual and substance use risk-taking behaviors among both men and women emerging adults in Canada.
Study Objectives
This study aims to fill these gaps by: (1) exploring patterns of risk-taking sexual and substance use behaviors among a sample of French-Canadian heterosexual emerging adults, to identify whether these risk-taking behaviors (i.e., early sexual onset, lifetime number of sexual partners, inconsistent condom use, unconventional sexual behaviors, binge drinking, and polysubstance use) cluster into profiles; (2) examining whether sociodemographic and individual characteristics previously associated with risk-taking (e.g., impulsive sensation-seeking, and low self-esteem and life satisfaction) predict risk-taking profiles; and (3) assessing whether risk-taking profiles predict health outcomes (i.e. history of STI testing and diagnosis, and substance use problems).
Methods
Procedure 
After institutional ethical approval, participants were recruited through social media, in bars, gyms, via College and Universities’ post boards and mailing lists, and through snowballing to complete an online survey through LimeSurvey. The questionnaire was hosted on the University network server, and its completion took approximately 40 minutes. Each participant completing the entire questionnaire was entered a draw to win one out of three prizes (one iPad mini and two certificates to a sports’ shop). Participants were first presented with the electronic consent form, which also included a list of various help resources, including sexual health organizations and substance use helplines. Once they provided consent, they were encouraged to download a copy of the consent form and of the resources before starting to complete the questionnaire. Each participant was assigned a number in the dataset. Participants entered their month and year of birth and were denied access to the questionnaire if they were less than 18 years old. 
Participants
From June to November 2015, 1093 French-Canadian participants accessed the questionnaire, but 428 exited the survey before completion[footnoteRef:2]. Drop-outs did not differ from the remaining sample on age, sex, religious affiliation, level of education, or relationship status, but were more likely to be born outside Canada (χ2 (1) = 12.96, p < .001) and to engage in religious practices (χ2 (1) = 6.95, p = .008). To be included in analyses, participants had to have provided complete data on risk-taking indicators, be aged 18 to 29, and have experienced penile-vaginal intercourse[footnoteRef:3]. Those without intercourse experience were included only if they identified as heterosexual. Consistent with previous research (Eisenberg et al., 2009), the decision to exclude participants who self-identified as lesbian, gay, bisexual (LGB), or asexual and who have never experienced intercourse, was based on the lack of consistent empirical evidence regarding the median or mean age at first same-sex sexual experience among these populations, as well as on the absence of consensus regarding the marker of transition to sexual activity in LGB youth[footnoteRef:4]. Of the remaining 665 participants, 63 were excluded from the analyses because they did not meet these inclusion criteria. Compared to our final sample, the latter were more likely to be male (χ2 (1) = 21.15, p < .001) and less educated (χ2 (1) = 7.52, p = .006). The final sample included 602 emerging adults (Mage = 22.33, SD = 2.14; 83.9% female), most of whom were born in Canada (90.5%), had college or university education (86%), and had no religious affiliation or practice (see Table 1). Nearly 60% participants were currently in a relationship, cohabiting (55.8%) or married to (3.8%), and two-thirds were dating or in a committed relationship for at least one year. An additional 16% identified as single, but currently dating someone.  [2:  The proportion of dropouts (39.2%) is inferior to what others have found in online surveys of risk-taking behaviors; for example, the drop-out rate was 47.5% in Jain and Ross’ study (2008). 
]  [3:  Missing data on at-risk indicators were handled with full information maximum likelihood (FIML), a strategy implemented in Mplus in which all available information is used to estimate LCA model. For the correlates and outcomes, we had complete data for all participants for the present study.
]  [4:  Previous studies have shown that heterosexual emerging adults are less likely to consider oral sex and mutual masturbation than penile-vaginal intercourse as sex (Sanders & Reinisch, 1999). As such, using sexual experiences like mutual masturbation or oral sex as alternatives to intercourse for determining age at sexual onset and number of sexual partners for LGB and asexual participants could have inflated their sexual risk-taking scores and created artificial (or exaggerated) differences with heterosexual participants. ] 

Measures 
[bookmark: _Hlk484637235]Risk-taking behaviors. (1) To measure early sexual onset, participants were asked how old they were the first time they had consensual intercourse. Only participants reporting first intercourse at age 15 or younger were given a score above 0, based on their level of sexual precocity computed in years (i.e. first intercourse at age 15 = 1; at age 14 = 2; prior to or at age 13 = 3). Participants reporting either first intercourse at age 16 or older or who never engaged in intercourse were given a score of 0 (i.e. no early sexual onset)[footnoteRef:5]. (2) Participants also reported on their lifetime number of sexual partners. After removing two outliers reporting 1,000 partners and involvement in sex work, the range was 0 to 300 lifetime partners. A logarithmic transformation was performed to meet normal distribution assumptions (range = 0 to 2.48). (3) To assess inconsistent condom use throughout the last year, participants were asked whether they have had vaginal and/or anal intercourse with a committed partner, as well as with a casual partner. They were then asked to report how often, during the last year, they have used a condom with committed and casual partners, respectively. Responses were given using a 4-point Likert scale, ranging from “never” to “every time”. Patterns of responses were recoded into four categories: no intercourse in the last year = 0; consistent condom use = 1; inconsistent condom use with committed partners and/or consistent use of condoms with casual partners = 2; consistent condom use with committed partners and inconsistent condom use with casual partners = 3; and inconsistent condom use with both casual and committed partners = 4. (4) To measure unconventional sexual behaviors, participants were asked if they had ever experienced bondage, fisting, group sex, or sadomasochism. The different types of unconventional sexual behaviors experienced were summed (range = 0 to 4). (5) To measure binge drinking, participants reported how many times they consumed five drinks or more in one occasion over the last year. After removing one outlier reporting 250 binge drinking episodes, the range was 0 to 220. A logarithmic transformation was performed, with transformed scores ranging from 0 to 2.34. (6) To measure polysubstance use, participants were presented with a list of the seventeen most common substances (e.g., marijuana, ecstasy), and for each of them, they indicated whether they had ever consumed them. The sum was calculated, with scores ranging from 0 to 17. After examining the distribution, six categories were created: no substance used = 0; one substance = 1; two = 2; three to four = 3; five to nine = 4; and ten or more = 5. For all risk-taking variables, higher scores indicated higher risk-taking. [5:  Early transition into sexual activity was operationalized as the difference between the reported age at first intercourse and the lower bound of the average age at first intercourse (i.e., 16 years old). This quantification in
number of years of desynchronization compared to the norm has been used in previous studies (for example, see: Boislard & Poulin, 2011; Lucas et al., 2020).  ] 

Correlates. In addition to seven sociodemographic variables (age, sex assigned at birth, country of birth, religious affiliation, religious practice, highest educational attainment, and relationship status), four individual characteristics were examined as correlates of class membership: (1) The French adaptation of the Impulsive Sensation-Seeking subscale of the shortened Zuckerman-Kuhlman Personality Questionnaire (Aluja et al., 2007) was used to assess lack of planning and the seeking-out of new experiences (e.g., “I often do things on impulse”). Participants rated each item on a 5-point Likert scale ranging from 1 – never, to 5 – always (10 items; α = .87). (2) The French adaptation (Vallières & Vallerand, 1990) of the Rosenberg Self-Esteem Scale (1965) was used to assess both positive and negative feelings about oneself (e.g., “On the whole, I am satisfied with myself”). Participants rated themselves on 10 items using a 4-point Likert scale ranging from 1 – strongly disagree, to 4 – strongly agree (α = .89). (3) The French adaptation (Blais, Vallerand, Pelletier, & Brière, 1989) of the Life Satisfaction Scale (Diener, Emmons, Larsen, & Griffin, 1985) was used to assess global life satisfaction (e.g., “In general, my life corresponds closely to my ideals”). Items were rated using a 7-point Likert scale, with options ranging from 1 – strongly disagree, to 7 – strongly agree (5 items, α = .85). (4) The short French adaptation of the Marlowe-Crowne Social Desirability Scale (Crowne & Marlowe, 1960; Strahan & Gerbasi, 1972) was used to measure participants’ levels of social desirability. Participants rated each of the 10 statements using a 5-point Likert scale with response options ranging from 1 – never, to 5 – always (α = .61). For each variable, scale items were averaged. As such, higher scores reflect higher impulsive sensation-seeking, self-esteem, life satisfaction, and social desirability.
Outcomes. (1) STI testing history. Participants were asked whether they had ever been screened for STIs (yes/no). (2) STI diagnosis. Those who had were then asked whether they had ever been diagnosed with an STI (yes/no). (3) The short French adaptation of the Rutgers Alcohol Problem Index (White & Labouvie, 1989) was used to screen for substance use problems. Participants were asked how many times, in the last year, they had experienced each of the listed substance-use consequences (e.g., “not able to do your homework”), using a 4-point Likert scale with response options ranging from 0 – never, to 3 – more than 5 times. All 11 items were averaged, with higher scores reflecting more substance use problems (α = .87).
Analyses
A latent class analysis (LCA) was conducted using Mplus 8.0. We used the 3-step approach (i.e., analyze-classify-analyze; Muthén, 2013), a procedure in which the model and external variables are estimated separately, allowing both model and class memberships to remain stable when external variables are examined (Asparouhov & Muthén, 2014; Vermunt, 2010). In step 1, multiple latent class models were estimated using the six risk-taking indicators. Selection of the optimal model was based on several fit indices, such as information criteria (e.g., Bayesian Information Criteria [BIC], BIC-adjusted), likelihood ratio tests (e.g., Lo-Mendell-Rubin adjusted likelihood ratio test [LMR-LRT], Bootstrap likelihood ratio test [BLRT]), and measures of classification accuracy (i.e., entropy). Number of participants assigned in each class (i.e., minimum 5% in each class) and interpretability (Nylund et al., 2007) were also taken into consideration in selecting the optimal model. In step 2, participants were assigned to a class based on their optimal class membership probability. In step 3, associations between classes and external variables were examined separately for variables hypothesized to predict class membership (i.e., multinomial logistic regression) and classes’ outcomes (i.e., Wald tests and posthoc analyses).
Results
Risk-Taking Latent Classes 
Model Selection
Comparisons with competing models with more or fewer classes suggested that the 4-class model had the best-fitting solution (see Table 2). While the BIC had the lowest value for the 3-class model, the BIC-adjusted value stopped decreasing in the 4-class model, indicating an optimal balance of goodness of fit and model parsimony. Also, p-values for the LMR-LRT became non-significant for the 5-class model, suggesting that the 5-class model did not improve the model fit in comparison with the 4-class model. Even though the BLRT value was still significant for the 6-class model, BIC-adjusted and LMR-LRT values were favoured based on the convergence of their fit indices. The 4-class model also had the highest entropy value and very high mean class assignment probabilities for each latent class, indicating great classification accuracy and class separation. From a theoretical standpoint, the 4-class model allowed for the identification of a subgroup of high-risk takers overlooked in the 3-class model, which was consistent with previous studies (Masters et al., 2015).
Risk-Taking Latent Classes Description 
[bookmark: _Hlk486535077]The four latent classes labelled as follows: (1) inactive low-risk; (2) active low-risk; (3) mid-risk; and (4) high-risk (see Table 3). Individuals classified in the inactive low-risk profile (13.5%) were the least likely to engage in any risk-taking behavior. Most of them (85%) had never experienced intercourse, and none had intercourse in the previous year. None had an early sexual onset, nor engaged in unconventional sexual behaviors, and they had the lowest mean of lifetime sexual partners. As for participants from the active low-risk profile (34.7%), they reported fewer binge drinking episodes and lower polysubstance use than the mid- and high-risk takers. Moreover, among the three sexually active profiles, active low-risk participants reported the lowest number of lifetime sexual partners and unconventional sexual behaviors, were the most likely to consistently use condoms, and the least likely to have had an early sexual onset. Participants classified in the mid-risk profile, the largest subgroup (42.4%), presented moderate to high risk behaviors. They had earlier sexual onset, used condoms inconsistently, and reported engaging in some unconventional sexual behaviors, binge drinking, and polysubstance use. On average, they reported almost four times as many lifetime sexual partners (M = 10) than participants in the active low-risk group. Nearly 10% of the sample were classified in the high-risk profile. These individuals had the highest propensity of engaging in all six risk-taking behaviors: they had an early sexual onset (66%), used condoms inconsistently with both committed and casual partners (59%), had 43 lifetime sexual partners on average, and had engaged in unconventional sexual behaviors, binge drinking, and polysubstance use, the most.
Class Correlates 
To assess whether sociodemographic and individual characteristics were predictive of class membership, regression analyses were conducted in two steps. Firstly, a univariate regression was conducted separately for each predictor. Analyses revealed significant differences between profiles on four out of seven sociodemographic correlates (age, sex, education, and relationship status), and on three out of four individual correlates (impulsive sensation-seeking, life satisfaction, and social desirability). Secondly, a multinomial regression was run using the significant correlates identified in step one (see Table 4; Vermunt, 2010). No multicollinearity between correlates was detected (variance inflation factor [VIF] ≤ 1.18). Results show that participants in the inactive low-risk profile were younger, significantly less educated, more likely to be male, single, and scored the lowest on impulsive sensation-seeking. Participants in the active low-risk profile were also young and had low impulsive sensation-seeking scores but were slightly more educated. Nearly all active low-risk participants were in a romantic relationship. Participants belonging to the mid-risk profile were older, more educated, more likely to be female, and scored higher on impulsive sensation-seeking than those in the two lower-risk profiles. In addition, half of mid-risk participants were in a relationship. Individuals classified in the high-risk profile were the oldest, were mostly single and female, and had significantly more impulsive sensation-seeking than all three other groups. 
Class Outcomes
Latent class comparisons on risk-taking behavior outcomes are reported in Table 5. Tests of equality of probabilities (or means) across classes were conducted to examine whether risk-taking outcomes differed significantly across classes. We used the Lanza and colleagues’ (2013) method for our two binary outcomes (i.e., STI testing and diagnoses). For our continuous outcome (i.e., substance use problems), the modified BCH method was used (Bakk & Vermunt, 2016) because it is currently considered to be the most robust method available (i.e. resistance to class shifts; accounts for unequal variance through ponderation of each class; Asparouhov & Muthén, 2015). Analyses revealed that participants categorized in the mid- and high-risk profiles were more likely to have been screened for and diagnosed with an STI. The likelihood of scoring higher on substance problems also increased among these two profiles. Among the 91% of individuals who got tested for STIs in the high-risk profile, more than half tested positive at least once, and they also experienced several substance use-related problems.
Discussion
[bookmark: _Hlk514685142]This study’s first objective was to explore patterns of sexual and substance-related risk-taking behavior among emerging adults, and to investigate whether these risk-taking behaviors clustered into different profiles. Consistent with prior literature showing that sexual risk-taking positively correlates to substance misuse behaviors, our findings indicate that risk-taking behaviors do indeed cluster, at least in the sexual and substance use domains. As such, participants reporting high scores on sexual risk-taking indicator tended to also report high scores on risk-taking behaviors related to substance use. Four distinct risk-taking profiles were found. While most participants fell in the inactive low-risk (14%), active low-risk (35%) and mid-risk (42%) profiles, nearly 10% of our sample engaged in high risk sexual and substance use behaviors, a proportion comparable to what was found in similar studies (Konda et al., 2011; Lim et al., 2015; McCarty-Caplan et al., 2014). Individuals in the high-risk group had an early sexual onset and four times more lifetime sexual partners than the individuals in the mid-risk group (M = 10)—a number already above probabilistic estimates for same-aged individuals (Lambert et al., 2017)—, and with whom they used condoms inconsistently. These findings echo those of Konda et al. (2011) in which participants in their two (out of four) high-risk groups had the most sex partners and unprotected sex. Participants in our high-risk group also had experienced more unconventional sexual behaviors and reported the most binge drinking episodes and the highest number of consumed substances. 
This study’s second objective was to examine whether sociodemographic and individual characteristics predicted risk-taking profiles; as such, we found that each profile had distinctive features. the females in our sample were more likely to belong to the two high-risk groups, and males, to the two low-risk groups. This divergence may be attributable to sampling differences in terms of age cohorts (i.e., emerging adults versus adolescents aged 15 to 18), nationality and racial background (i.e., mostly Caucasian French-Canadian versus African American) and gender (i.e., 50% versus 84% of females). Nevertheless, the overrepresentation of males in our inactive low-risk group is consistent with the adulthood virginity literature, showing that males are more likely than females to remain virgin beyond adolescence (blinded for review; Eisenberg et al., 2009). The higher likelihood of our female participants to belong to the mid- and high-risk groups may be interpreted in various ways. It could reflect a weaker double sexual standard through higher female sexual agency and social acceptance of female sexuality in French-Canadian culture. Alternatively, it may indicate that women have easier access to potential sexual partners than men. Sex might also serve young women instrumentally as it can help ensure access and proximity to substances and to party settings, especially for those ensnared in the addiction spiral. However, future research is needed to verify these hypotheses.
Among the four individual characteristics examined, impulsive sensation-seeking was the only salient characteristic significantly distinguishing each profile from one another in the final multivariate model. The hypothesis that participants in the high-risk profile would score lower than others on life satisfaction and self-esteem was not confirmed by our data, possibly because our sample was highly homogeneous on these two variables. Yet, an alternative explication to high impulsive sensation-seeking as a salient predictor of high risk-taking may be popularity and social status. Consistent with other study’s findings suggesting that social withdrawal in childhood was prospectively associated with delayed sexual onset in emerging adulthood (blinded for review), it is plausible that sociosexual opportunities are more numerous among socially skilled youth. Socially skilled individuals are often integrated in large peer groups, in which high numbers of sexual partners and experimenting with substance use may reflect popularity, especially if these behaviors are normative among their peer group. However, this hypothesis could not be tested with our data. 
Our third objective was to assess whether risk-taking profiles predicted health outcomes. We found that, among sexually active participants, those in the active low-risk profile were less likely to have been screened for STIs and to have substance use problems compared to mid- and high-risk takers. They were also less likely than high-risk participants to report an STI diagnosis. Mid-risk takers were more likely than active low-risk takers, but less likely than high-risk takers, to declare having been screened for an STI. They were also more likely than both low-risk participants to have high substance use problems. Consistent with the reviewed literature, high sexual risk-taking continues to be associated with high STI diagnosis probabilities, and individuals in the high-risk profile experienced the most health problems compared to all other groups. Overall, these results reiterate that engaging in a diversity of risk-taking behaviors is closely linked to the likelihood of experiencing several health-related problems.
Study Strengths, Limitations and Future Research 
[bookmark: _Hlk488135341][bookmark: _Hlk524705093][bookmark: _Hlk525058381]The generalizability of these findings is limited due to the single method cross-sectional study design and single-informant self-reported data (Boislard & Poulin, 2014). Another limitation is the lack of information on participants’ history of sexual assault, which may be a predictive factor of high risk-taking and the greater prevalence of females in the higher-risk groups. The assessment of participants’ history of sexual assault would have also provided the opportunity to examine whether the sexual inactivity in the sexually inactive group was linked to previous sexual assault. In addition, despite having recruited participants in various settings, our sample was quite homogeneous with regards to native language, country of birth, sex (i.e., overrepresentation of women), and education (i.e., mostly post-secondary). In addition, our sample showed higher levels of risk-taking behavior than what is found in the general French-Canadian population (Lambert et al., 2017). This may reflect an undergraduate lifestyle, in which many social activities take place in bars and other settings in which alcohol is present (Wechsler & Nelson, 2008), and where sexual and substance use exploration is more likely to occur compared to, for example, workplace settings. 
Two main avenues for future research follow from this study. First, in line with previous research shedding light on the bidirectional positive association between sexual and substance risk-taking, our findings suggest that risk-taking may be polymorphic and clustered in constellations of risk-taking behaviors within the same individuals. As such, engaging in risk-taking behaviors in one domain could lead to increases in risk-taking in other domains. However, the current corpus of knowledge would benefit from more data on the intersections of risk-taking behaviors across life domains and contexts. As such, future studies on risk-taking in emerging adulthood should include measures of simultaneous polysubstance use and sexual risk-taking, of different substance use contexts (e.g., alone versus with others), and of different motives, such as chemsex (i.e., purposeful substance use before or during planned sexual activity to sustain, enhance, disinhibit or facilitate the sexual experience; Edmundson et al., 2018). 
A second question that warrants more investigation regards the stability of the classes over time. Future longitudinal research is needed to examine the proportion of participants moving from one profile to another and the characteristics of individuals joining the lower risk groups over time. These transitions from one profile to another are especially important in the early years of adulthood, where most individuals eventually engage in long-term romantic relationships.  
Clinical Implications
This study reiterates the relevance of sexual education and promotion of condom use beyond adolescence, as well as the importance of promoting regular STI testing for all—, including emerging adults who are involved in romantic relationships in which condom use is less likely—, given that fewer than half of our active low-risk participants ever got tested. This seems especially important given the reviewed literature suggesting that a significant proportion of emerging adults in a stable relationship report having had at least one extradyadic sexual encounter involving oral, vaginal, or anal sex, and that individuals who have extradyadic sex are unlikely to get tested for STIs and use condoms with both their primary and extradyadic partners (Adamopoulou, 2013; Conley et al., 2015). The (re)introduction of condoms in a relationship expected to be monogamous is often perceived as a counter-normative transition. While it is encouraging that participants in both our mid- and high-risk profiles reported having been tested significantly more than those in the active low-risk profile—which suggests that they seek sexual health services when in doubt—, the message to regularly get screened for STIs and to disclose positive diagnoses to all potentially affected partners remains essential for all sexually active emerging adults. Harm reduction interventions should also provide accurate information on the documented effects of each type of substance as well as on their interactions for polysubstance users. 
Our findings also provide guidelines to better identify individuals who may be at high risk of engaging in behaviors that are detrimental to their health and suggest that interventions aiming at preventing risk-taking and at promoting health should be designed and tailored to each profile. Specifically, while the needs of low-risk takers may be well addressed by primary and universal health promotion programs that disseminate effective protective strategies, mid- and high-risk-takers would probably benefit from more intensive interventions simultaneously addressing sexuality and substance use related behaviors (e.g., carrying condoms in all festive activities). Since two thirds of the participants in our high risk-taking profile engaged in early sex, those high-risk individuals could potentially be screened and identified in early and mid-adolescence. Furthermore, high risk-taking behaviors in emerging adulthood have personality-related proxies, such as impulse control difficulties, that could potentially be effectively addressed therapeutically, and be minimized by learning alternative strategies (e.g., physical activity, relaxation, mindfulness, etc.). Therefore, these findings yield implications for practitioners, sex therapists and researchers working to improve emerging adults’ health.
Data availability statement. The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.
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	Table 1

	Means, Standard Deviations, Standard Errors and Proportions for Correlates of Risk-Taking Behaviors by Risk-Taking Latent Classes

	Variable
	All participants
(N = 602)
	
	Inactive low
(n = 81; 13.5%)
	Active low
(n = 209; 34.7%)
	Mid-risk
(n = 255; 42.4%)
	High-risk
(n = 57; 9.5%)

	Sociodemographic 
	% / Mean (S. D.)
	% / Mean (S. E.)

	Age [18-29]
	22.33 (2.14)
	21.32 (.27)
	21.70 (.16)
	22.87 (.13)
	23.62 (.21)

	Sex (% female)a
	83.9
	72.4
	86.6
	81.5
	93.3

	Country of birth (% Canada)b
	90.5
	88.4
	92.2
	89.9
	88.6

	Religious affiliation (% yes)c
	29.7
	31.6
	24.5
	37.8
	27.6

	Religious practice (% yes)d
	24.1
	22.8
	20.6
	31.0
	20.3

	Education (% college / university grad)e
	86.0
	70.5
	86.1
	100.0
	83.7

	Relationship status (% in a relationship)f
	59.6
	37.9
	96.3
	53.7
	38.2

	Correlates

	Impulsive sensation-seeking [1-5]
	2.67 (.83)
	2.40 (.09)
	2.37 (.06)
	2.83 (.06)
	3.47 (.13)

	Self-esteem [1-4]
	3.00 (.58)
	2.99 (.07)
	2.94 (.04)
	3.05 (.04)
	2.99 (.10)

	Life satisfaction [1-7]
	4.97 (1.19)
	4.75 (.14)
	5.00 (.09)
	5.13 (.08)
	4.53 (.21)

	Social desirability [1-5]
	3.59 (.47)
	3.53 (.05)
	3.62 (.04)
	3.61 (.03)
	3.44 (.08)
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Note. a 0=male, 1=female. b 0=Born in Canada, 1=born elsewhere. c No religious affiliation, 1=religious affiliation. d 0=No religious practice (last year), 1=religion practiced at least once (last year). e 0=high school grad or less, 1=college or university grad. f 0=single, 1=in a relationship/married.
Table 2
Comparisons of Fit Indices for Iterative Latent Class Models (N = 602)
	
	Maximum loglikelihood 
	BIC
	BIC-adjusted
	LMR-LRT (p)
	BLRT (p) 
	Entropy
	Mean class assignment probabilities
	Class sizes
	# sig. BVRs
(%)

	2-class
	-3646.62
	7542.85
	7419.03
	708.56 (.00)
	708.54 (.00)
	.78
	.93, .94
	248, 354
	7 (.04)

	3-class
	-3518.35
	7407.91
	7223.77
	256.54 (.00)
	256.54 (.00)
	.84
	.97, .93, .91
	92, 301, 209
	3 (.02)

	4-class
	-3458.62
	7410.05
	7165.56
	119.46 (.04)
	119.46 (.00)
	.86
	.97, .92, .90, .90
	81, 209, 255, 57 
	2 (.01)

	5-class
	-3430.95
	7476.32
	7171.55
	55.33 (.31)
	55.33 (.00)
	.80
	.88, .98, .81, .78, .91
	96, 250, 109, 206, 25
	2 (.01)

	6-class
	-3409.96
	7555.96
	7190.864
	41.97 (.52)
	41.97 (.03)
	.79
	.77, .98, .90, .80, .89, .80
	107, 100, 43, 222, 113, 101
	9 (.05)



Note. BIC=Bayesian Information Criterion; LMR-LRT=Lo-Mendell-Rubin likelihood ratio test; BLRT= bootstrap likelihood ratio test; BVR=Bivariate residuals; significant standardized bivariate residuals > 1.96. 
	Table 3

	Risk-Taking Behaviors by Latent Classes

	Risk-taking indicators
	All participants 
(N = 602)
	Inactive low-risk 
(13.5%)
	Active low-risk (34.7%)
	Mid-risk 

(42.4%)
	High-risk 

(9.5%)

	(1) Early sexual onset (%)

	No early sexual onset
	69.9
	100.0
	78.0
	62.2
	33.6

	1st intercourse - 15 y.o.
	15.4
	0.0
	13.8
	20.1
	22.3

	1st intercourse - 14 y.o.
	9.5
	0.0
	7.6
	11.3
	21.2

	1st intercourse - 13 y.o. or earlier
	5,1
	0.0
	2.6
	6.4
	29.9

	(2) Mean number of sexual partners 
(S. D.)a
	9.46 (17.64)
	.19 (.48)
	2.60 (1.50)
	10.06 (5.41)
	43.27 (42.09)

	(3) Inconsistent condom use (%)

	No penetrative sex, last year
	16.4
	100.0
	8.1
	0.0
	1.7

	Consistent use
	15.3
	0.0
	25.5
	13.1
	9.1

	Inconsistent w/ committed only
	38.2
	0.0
	49.7
	43.8
	26.4

	Inconsistent w/ casual only
	4.8
	0.0
	2.7
	8.4
	3.8

	Inconsist. w/ casual & committed
	25.2
	0.0
	14.0
	34.7
	59.0

	(4) Sum of unconventional sexual behaviors [0-4] 
	.97 (1.08)
	0.0 (0.0)
	.58 (.79)
	1.33 (1.04)
	2.19 (1.2)

	(5) Mean Binge drinking episodes (S. D.)a
	15.18 (29.19)
	6.64 (14.50)
	5.59 (10.07)
	21.35 (33.56)
	34.82 (48.52)

	(6) Mean Number of substances used (S. D.)
	3.13 (2.42)
	1.74 (1.08)
	2.01 (1.63)
	2.71 (2.19)
	6.79 (2.66)



Note. a Means and Standard Deviations were calculated on untransformed data, with excluded outliers. 
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Table 4

	Multinomial Logistic Regression with Significant Variables Predicting Risk-Taking Latent Classes

	Variable
	Inactive low-risk (a) vs.
	
	Active low-risk (b)
	
	Mid-risk (c) vs.
	Group differences

	
	Active low-risk (b)
OR [CI]
	Mid-risk (c)
OR [CI]
	High-risk (d)
OR [CI]
	
	Mid-risk (c)
OR [CI]
	High-risk (d) 
OR [CI]
	
	High-risk (d)
OR [CI]
	

	Age
	.98 [.83-1.16]
	1.45*** [1.21-1.73]
	1.96*** [1.53-2.51]
	
	1.47*** [1.27-1.71]
	1.99*** [1.61-2.47]
	
	1.35** [1.13-1.63]
	a, b < c < d

	Sex (Female)
	1.17 [.57-2.40]
	4.61*** [2.05-10.37]
	17.99*** [3.58-90.47]
	
	3.95** [1.81-8.64]
	15.41** [3.21-73.92]
	
	3.90 [.87-17.50]
	a, b < c, d

	College / university grad
	3.55** [1.62-7.81]
	2.87* [1.21-6.79]
	1.42 [.43-4.71]
	
	.81 [.35-1.86]
	.40 [.13-1.23]
	
	.50 [.18-1.34]
	a < b, c

	In a relationship
	4.08*** [2.19-7.59]
	2.78** [1.46-5.31]
	1.20 [.48-3.01]
	
	.68 [.39-1.20]
	.29** [.13-.69]
	
	.43* [.20-.93]
	a < b, c; 
b, c > d

	Imp. S-seeking
	1.30 [.84-2.01]
	3.67*** [2.38-5.64]
	9.62*** [4.91-18.85]
	
	2.82*** [1.95-4.07]
	7.39*** [3.90-14.00]
	
	2.62** [1.49-4.61]
	a, b < c < d

	Life satisfaction 
	1.00 [.78-1.28]
	1.22 [.95-1.56]
	1.00 [.69-1.44]
	
	1.22 [.96-1.54]
	1.01 [.71-1.44]
	
	.83 [.60-1.15]
	n. s.

	Social desirability
	1.63 [.85-3.10]
	1.31 [.71-2.43]
	.79 [.29-2.14]
	
	.81 [.44-1.48]
	.48 [.18-1.31]
	
	.60 [.24-1.49]
	n. s.



Note. The multinomial logistic regression was performed using the automatic R3STEP command implemented in Mplus. Different reference groups were used to allow for
every possible comparison to be examined. OR = odd ratios. CI = 95% confidence interval. n. s. = non-significant. *p < .05.  **p < .01  *** p < .001.
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	Table 5
Means, Standard Deviations, Standard Errors, Proportions and Group Comparisons for Outcomes of Risk-Taking Behaviors by Risk-Taking Latent Classes

	Outcomes 
	% / Mean (S. D.)
	% / Mean (S. E.)
	Group comparisons
χ2 (df, n)i
	Post hoci

	
	All 
	Inactive low
	Active low
	Mid-risk
	High-risk
	

	STI testing (% yes)g
	59.8
	0.0
	48.8
	79.7
	93.3
	χ2 (3, 602) = 1531.51***
	a < b < c < d

	STI diagnosis (% yes)g
	21.9
	0.0
	6.7
	21.0
	57.6
	χ2 (3, 427) = 31.39***
	a < b, c < d

	Substance use problems [0-3]h
	.27 (.42)
	.16 (.03)
	.11 (.01)
	.36 (.03)
	.54 (.10)
	χ2 (3, 572) = 58.82***
	a, b < c, d



Note. g STI testing was asked only to sexually active participants, and STI diagnosis, only to participants who got tested for STI. Due to high % of missing values for the inactive low-risk (83% and 99% respectively), we imputed that all sexually inactive participants never got tested for STI nor received a STI diagnosis in order to run the test. Test of equality of probabilities across classes was performed using the automatic DCAT command implemented in Mplus. h Test of equality of means across classes was performed using the automatic BCH command implemented in Mplus. i A Bonferroni p-value correction was used to establish statistical significance while adjusting for multiple comparisons. *** p < .0002 (0.001/6 pairwise comparisons).
