
Adolescent cannabis and tobacco use are associated with 
opioid use in young adulthood—12-year longitudinal study in an 
urban cohort

Johannes Thrul1, Jill A. Rabinowitz1, Beth A. Reboussin2, Brion S. Maher1, Nicholas S. 
Ialongo1

1Department of Mental Heath, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 
USA

2Department of Biostatistics and Data Science, Wake Forest School of Medicine, Winston-Salem, 
NC,, USA

Abstract

Background and aims—Cannabis, tobacco and alcohol use are prevalent among youth in the 

United States and may be risk factors for opioid use. The current study aimed at investigating 

associations between developmental trajectories of cannabis, tobacco and alcohol use in 

adolescence and opioid use in young adulthood in an urban cohort over the span of 12 years.

Design—Cohort study of adolescents originally recruited for a randomized prevention trial with 

yearly assessments into young adulthood.

Setting—Nine urban elementary schools in Baltimore, MD in the United States.

Participants—Participants (n = 583, 86.8% African American, 54.7% male) were originally 

recruited as first grade students.

Measurements—Cannabis, tobacco and alcohol use were assessed annually from ages 14–18 

years and opioid use from ages 19–26. Socio-demographics were assessed at age 6. Intervention 

status was also randomly assigned at age 6. Gender, race, free/reduced-priced lunch and 

intervention status were included as covariates in individual and sequential growth models.

Findings—There were significant positive associations between the cannabis use intercept at age 

14 and the opioid use intercept at age 19 (beta = 1.43; P = 0.028), the tobacco use intercept at age 
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14 and the opioid use intercept at age 19 (beta = 0.82; P = 0.042). Specifically, more frequent use 

of cannabis or tobacco at age 14 was associated with more frequent use of opioids at age 19.

Conclusions—Cannabis and tobacco use in early adolescence may be risk factors for opioid use 

in young adulthood among African Americans living in urban areas.
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INTRODUCTION

The opioid epidemic in the United States has been associated with a dramatic increase in 

opioid use and overdoses [1]. While the initial wave of the epidemic was primarily driven by 

prescription opioids and was concentrated in rural areas, there was a shift around 2010 to 

heroin-related deaths and, more recently, deaths due to the synthetic opioid fentanyl, both of 

which are concentrated in urban areas [2,3]. Youth living in urban areas, particularly African 

Americans, may be at risk for opioid misuse, as heroin and injection drug use has been on 

the rise in many urban centers in the United States [4]. Indeed, among African Americans, 

there have been substantial increases in deaths associated with prescription and synthetic 

opioids from 2002 to 2015 [5]. The high prevalence of opioid use disorder among African 

Americans in the United States may be partially attributed to the fact that African Americans 

are more likely to transition to opioid dependence after initial opioid use [6]. The significant 

public health burden associated with opioid use has prompted a considerable interest among 

researchers and policymakers alike in determining risk factors for opioid use, as well opioid 

use trajectories among adolescents and young adults.

Recent studies have investigated the role of cannabis as a risk factor for opioid use, but the 

findings have been inconsistent. Cannabis use is prevalent among youth in the United States, 

with as many as 15.4% of 12–17-year-olds reporting life-time use. Moreover, cannabis use 

may be associated with use of other substances, including opioids, in this age group [7]. 

Epidemiological studies among adults suggest that cannabis use may increase the risk of 

developing prescription opioid misuse and opioid use disorder [8] as well as other 

subsequent substance use disorders [9]. Conversely, a recent study from Canada found that 

cannabis use among street-involved adolescents and young adults was associated with a 

slower time to injection drug use in general, with a non-significant association with injection 

opioid use [10]. Taken together, there is conflicting evidence regarding the potential 

association between cannabis and opioid use among young people. Moreover, existing 

longitudinal studies mainly rely on two time-points [8,9], and do not provide the level of 

sensitivity necessary to evaluate whether cannabis use during adolescence predicts 

trajectories of opioid use in young adulthood. The recent landmark policy shift throughout 

the United States related to the legalization of medical cannabis, and more recently 

legalization for recreational cannabis use in 10 states and Washington, DC, make it even 

more important to answer this research question.

There has been a long-standing debate and conflicting results on the question of whether or 

not cannabis use serves as a gateway to other drug use, including opioids [11,12]. However, 
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people rarely only use single substances, and polysubstance use is common [13–15]. For 

example, opioid use may not just be associated with cannabis, but also with alcohol [16] and 

tobacco use [17,18]. Instead of a gateway from cannabis to opioid use, there may be a 

common liability for use of different substances among young people [19–21]. This suggests 

that longitudinal studies investigating the potential role of cannabis use on the development 

of opioid use trajectories also need to control for other substance use behaviors common in 

adolescents and young adults.

However, there may be a unique contribution of early cannabis use to the risk for later opioid 

use. For example, twin studies have shown that cannabis use before age 17 increased the 

odds for life-time opioid use and opioid use disorder [22], even after controlling for early 

use of alcohol, tobacco and a number of internalizing and externalizing disorders. A 

potential explanation for this unique contribution of early cannabis use to later substance use 

risk may be neurodevelopmental. For example, frequent cannabis use in adolescence may 

sensitize the developing brain to experience enhanced rewards from opioid administration 

later in life, which has been demonstrated in animal models [23,24]. However, some have 

argued that levels equivalent to the substantial administration of cannabinoids in animal 

models are rarely seen in human self-administration [22]. Other reasons for early cannabis 

use as a risk factor for later opioid use may be the exposure to black markets and subsequent 

access to other illegal drugs [22] or greater exposure to drug using peers in social networks 

[25]. Taken together, more research on the potential association between cannabis and opioid 

use among young people is needed.

To address gaps in the existing literature, this study used data from a longitudinal prevention 

study to examine associations between developmental trajectories of cannabis use in 

adolescence and opioid use in young adulthood, controlling for trajectories of adolescent 

tobacco and alcohol use. The current study is unique, given the span of annual assessments 

of substance use from early adolescence into young adulthood. An additional strength of the 

study is its sample of predominantly African American youth.

METHOD

Participants and procedures

The original study sample consisted of 799 participants who were originally recruited as first 

grade students in the fall of 1993 as part of a randomized controlled, universal preventive 

intervention trial in nine Baltimore, MD elementary schools. The goals of the intervention 

were to improve academic achievement, decrease disruptive and/or aggressive behaviors and 

promote positive outcomes in adulthood. Participants were assigned to one of three arms (1, 

classroom-centered intervention; 2, family–school partnership intervention; and 3, control 

group). Participants were followed from first grade to young adulthood (age ~26) and yearly 

assessments were conducted. The study was reviewed and approved by the institutional 

review board of the Johns Hopkins Bloomberg School of Public Health. Additional 

information about the sample and intervention content can be found elsewhere [26].

For the current study, we restricted the sample to 583 individuals who had complete data on 

the covariates (i.e. participant gender, free/reduced-priced lunch status, race, intervention 
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status) and cannabis, tobacco and alcohol data at age 14. In terms of differences between the 

analytical sample (n = 583) and those not included in the analyses due to missing data (n = 

216), there was a greater percentage of African Americans in the analytical sample (86.8%) 

compared to those with missing data (79.6%; χ(2)
2 = 8.36, P = 0.015). No other differences 

were found between individuals in the analytical sample compared to those excluded from 

analyses.

Measures

Participant demographics—Demographic data including participant gender, race and 

free/reduced-priced lunch status were drawn from the baseline assessments conducted at age 

6 in the fall of first grade and from school records. Participant demographics were coded as 

follows: (race: black = 0, white = 1; gender: female = 0, male = 1; free/reduced lunch status: 

no = 0, yes = 1).

Intervention status—Intervention status was a binary variable that reflected assignment 

to one of the two intervention arms versus assignment to the control group. Participants were 

coded as 1 if they received an intervention and 0 if they did not.

Frequency of substance use—Frequency of cannabis, tobacco, alcohol and opioid use 

in the past year was assessed annually using an audio computer-assisted interview to 

increase accurate reporting of sensitive behavior. Questions were adapted from the 

Monitoring the Future survey [27]. Opioid use included past-year frequency of heroin use 

and the misuse of narcotic prescription drugs (e.g. morphine, oxycodone, hydrocodone, 

hydromorphone, etc.). Cannabis, tobacco and alcohol use were assessed annually between 

the ages of 14 and 18, whereas opioid use was assessed annually between the ages of 19 and 

26.

Participants reported on their frequency of use in the past year on a 0–7 Likert scale: [0 (no 

use), 1 (once), 2 (twice), 3 (three to four times), 4 (five to nine times), 5 (10–19 times), 6 

(20–39 times) and 7 (40 or more times)]. Preliminary analyses examined the distribution of 

the cannabis, tobacco, alcohol and opioid use variables which revealed a positive skew of 

these variables. We created new variables to more clearly reflect the distribution of these 

data using a 0–2 coding schema for cannabis, tobacco and opioids [0 (no use), 1 (once to 

three to four times) and 2 (five to 40 or more times)]; and a 0–3 coding schema for alcohol 

[0 (no use), 1 (once), 2 (twice to 19 times) and 3 (20–40 or more times)] (see Table 2) [28].

Statistical analyses: Separate, unconditional growth models were first estimated in a step-

wise fashion for cannabis, tobacco, alcohol and opioid use, consistent with recommended 

procedures for growth modeling [29] using Mplus version 8.0 [30]. These analyses were 

conducted to identify the shape of the trajectory of substance use behavior and whether the 

intercept-only model best fit the data compared to other models (e.g. intercept and linear 

slope; intercept and quadratic slope). To determine the model that best fitted the data, we 

examined changes in the BIC consistent with recommendations for evaluating the fit for 

categorical nested models [31].
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Separate growth models for cannabis, tobacco, alcohol and opioid use were then estimated 

using the maximum likelihood ratio estimator and a numerical integration algorithm [30], 

with each model controlling for participant gender, race, intervention status and free/

reduced-priced lunch status. Participant gender was included as a covariate, given that a 

number of studies have indicated gender differences in the base rates of cannabis and opioid 

use [13,32]. Intervention status was also controlled for, as participation in the interventions 

has been linked to a reduced likelihood of using drugs [33] and has been shown to interact 

with individual-specific features to predict age of initiation for tobacco and cannabis use 

[34,35]. We also controlled for free/reduced-priced lunch status, as this variable is a proxy 

for family income [36,37] and has been robustly associated with psychological impairments 

and substance use problems among youth [38,39]. Race was also controlled for in analyses, 

given that racial differences in opioid use have been observed previously [40] and the 

significant difference in race among included and excluded participants reported above.

For the adolescent cannabis use model, the inclusion of the intercept, slope and quadratic 

term resulted in the lowest BIC (see Supporting information, Appendix A1). The lowest BIC 

was also observed for the alcohol and tobacco models upon inclusion of the intercept, slope 

and quadratic terms. Regarding the young adult opioid use model, a model with the intercept 

term only yielded the lowest BIC. As a consequence, the sequential process growth model 

was estimated, including the intercept, linear slope and quadratic slope terms for the 

cannabis, tobacco and alcohol models; and the intercept term for the opioid model.

The sequential process growth model simultaneously estimated relationships between 

cannabis, tobacco, alcohol and opioid intercepts and slopes [41]. Planned analyses involved 

examining whether cannabis, tobacco and alcohol use at age 14 (intercepts) and changes 

over time in use from ages 14 to 18 (slopes) predicted age 19 opioid use (intercept) and 

changes in opioid use from ages 19 to 26 (slope) (see Figure 1 for conceptual model). Again, 

the final sequential process growth models controlled for participant gender, race, 

intervention status and free/reduced-priced lunch status.

Full information maximum likelihood (FIML) was used to address missing outcome data, 

which uses all available data to estimate model parameters but does not impute values [42]. 

This approach allows for inclusion of participants with missing data in model estimation and 

generates smaller errors in parameter estimates and standard errors relative to other missing 

data strategies (e.g. complete case-wise analysis or listwise deletion, complete case analyses 

or pairwise deletion), which may introduce bias [43,44].

RESULTS

The majority of our sample was male (54.7%) and African American (86.8%). 

Approximately 70% of the sample received free/reduced-priced lunch and two-thirds of the 

sample received an intervention (Table 1). The frequency of substance use endorsement can 

be found in Table 2. At age 14 years, 13.0, 18.4 and 18.1% of adolescents reported past-year 

cannabis, tobacco and alcohol use, respectively. At age 19 years, 26.2, 22.9 and 34.0% of 

adolescents reported past-year cannabis, tobacco and alcohol use, respectively. Endorsement 
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of past-year opioid use was substantially lower and ranged from 2.6% of participants at age 

19 to 2.9% of participants at age 26, with a peak of 3.5% at age 20.

Results of the sequential process growth model estimating cannabis, tobacco and alcohol use 

from ages 14 to 18 and opioid use from ages 19 to 26 are displayed in Table 3. There was a 

positive association between the adolescent cannabis use and young adult opioid use 

intercepts (b = 1.43, P = 0.028). In other words, more frequent use of cannabis at age 14 was 

associated with more frequent use of opioids at age 19. In addition, a positive association 

was also observed between the adolescent tobacco use and adult opioid use intercepts (b = 

0.83, P = 0.042), such that more frequent use of tobacco at age 14 was associated with more 

frequent use of opioids at age 19.

With regard to covariates included in the sequential process growth model, participant race 

was negatively associated with the tobacco use intercept (b = −1.25, P = 0.018) and opioid 

use intercept (b = −1.11, P = 0.006). This means that white race was positively associated 

with more frequent use of tobacco at age 14 and opioids at age 19. Free/reduced-lunch status 

was positively associated with the cannabis use intercept (b = 1.54, P = 0.009), such that 

receiving free/reduced-lunch meals was positively related to using cannabis more frequently 

at age 14. Participant gender was positively associated with the intercept of adolescent 

opioid use (b = 0.67, P = 0.045), such that male participants endorsed more frequent use of 

opioids at age 19. No significant associations were observed between intervention status and 

cannabis, tobacco, alcohol or opioid use.

DISCUSSION

Opioid misuse remains a public health threat in the United States, and carries tremendous 

costs at both the individual and societal levels. The existing literature regarding the 

relationship between cannabis and opioids is mixed, with some studies indicating that 

cannabis use is a risk factor for opioid misuse [8], whereas other work has found no such 

association [10]. To further clarify the relationship between cannabis and opioid use, while 

controlling for simultaneous use of tobacco and alcohol, the current study investigated 

associations between trajectories of cannabis, tobacco and alcohol use in adolescence and 

opioid use in young adulthood. Building upon epidemiological work [8,9], we examined 

these relationships in a community sample of urban young people.

Using a sequential process growth model controlling for gender, race, free/reduced-priced 

lunch and intervention status, we found a significant association between the adolescent 

cannabis and tobacco use intercepts and the young adult opioid use intercept. Specifically, 

age 14 cannabis and tobacco use were associated with more opioid use at age 19. This 

finding is consistent with previous studies, which indicated that cannabis use increased the 

risk of developing prescription opioid misuse and opioid use disorder among adults [8]. Our 

results underline these findings, and show that cannabis use in adolescence can be a risk 

factor for opioid use. Moreover, our findings show this relationship in a predominantly low-

income and African American cohort and thus expand the existing literature, which has 

predominantly investigated non-minority samples.
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As our analyses controlled for tobacco and alcohol use trajectories, the increase in opioid 

use for adolescents reporting cannabis use at age 14 may signify that cannabis is a specific 

risk factor for opioid use above and beyond a common liability for substance use more 

generally [11,45]. As noted earlier, one potential explanation for early cannabis use as a 

distinct risk factor for later opioid use may be that exposure to black markets may facilitate 

subsequent access to other illegal drugs [22] or greater exposure to drug-using peers in 

social networks [25]. A second possible explanation is cross-substance sensitization of the 

adolescent brain, as found in animal models [23,24]. Cannabis exposure during adolescence, 

a sensitive period for brain development, may enhance the reinforcing effects of opioid use 

later in life, which may make early adolescent cannabis users more susceptible to the 

rewarding effects of opioids. A third explanation for the specific relationship between early 

cannabis use and later opioid use may be genetic contributions. For example, utilizing a twin 

design, a previous study found two genetic factors associated with substance use, one 

reflective of illicit (e.g. cannabis, cocaine) drug dependence and the other primarily related 

to licit (e.g. alcohol, caffeine) drug dependence [46]. Molecular genetics and candidate gene 

studies also support the notion of a shared liability between cannabis and opioid use. For 

example, some research has found significant—albeit small to moderate—genetic 

correlations between cannabis and opioid use [47], and other work has identified genetic 

variants that confer risk for both opioid and cannabis use disorders [48,49]. Thus, shared 

genetic liability, combined with neurobiological changes that result from using cannabis at 

an early age, may contribute to the positive association observed between cannabis and 

opioid use [50]. It should be noted, however, that a previous simulation study demonstrated 

that even controlling for other indicators of drug use propensity (e.g. tobacco and alcohol as 

conducted in the current analysis) cannot rule out an underlying common liability that may 

be responsible for both cannabis and opioid use or confirm the existence of a cannabis 

‘gateway effect’ [21].

We also found significant associations between age 14 tobacco use and age 19 opioid use. 

These findings are consistent with existing studies that demonstrated a high likelihood of 

prescription opioid use among smokers [18]. Early nicotine exposure may sensitize the brain 

and enhance rewarding effects of opioid use [51]. Recent research has suggested that the 

substantial decline in cigarette smoking among US adolescents in the United States during 

the past 2 decades may have spillover effects and also reduce population-level opioid use 

[52]. Our results are in line with this conclusion, and suggest that a reduction in adolescent 

tobacco use may have an impact on opioid use in young adulthood.

Limitations

Findings of this study should be interpreted with a number of limitations in mind. First, the 

study sample was predominantly low-income and African American from one mid-Atlantic 

metropolitan area. While this sample is representative of students entering public schools in 

Baltimore in the 1990s, findings may not generalize to other samples or populations. 

Further, substance use behaviors were assessed using participant self-report without 

biochemical verification, and may thus be subject to bias. Moreover, relatively few 

participants reported opioid use during the course of the study. Due to relatively infrequent 

reported use, heroin and prescription opioid use were combined into a single opioid use 
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outcome variable. It could be informative to disaggregate opioid use into heroin and 

prescription opioid use in future studies with larger samples. Our study followed-up 

participants throughout young adulthood, and future research is needed to investigate 

whether cannabis use during adolescence similarly confer risk for opioid use later in 

adulthood. Our analytical model used relatively few covariates and none of them were time-

varying. Finally, the analysis was not pre-registered and results should be considered 

exploratory.

Conversely, this study also has several strengths. Most noteworthy is our large study sample 

of low-income, urban, primarily African American youth participating in a longitudinal 

study. While nationally representative studies can provide critical information on opioid use 

in the US population as a whole, they are less informative in understanding prevalence in 

subgroups, particularly low-income minority populations living in urban areas. The 

contribution of the current study is particularly timely, given that heroin and injection drug is 

on the rise in many urban centers in the United States [4] and recent increases in deaths 

associated with prescription and synthetic opioids among African Americans [5]. Moreover, 

this is one of the few studies that follows low-income African Americans from childhood to 

young adulthood and includes extensive measures of cannabis, tobacco, alcohol and opioid 

use over time.

Conclusions and future directions

In summary, our findings highlight the role of cannabis and tobacco use during adolescence 

as risk factors for opioid use in young adulthood. School prevention programs and services 

that address cannabis and tobacco use among urban African American adolescents are 

needed which, as a consequence, may attenuate opioid use in young adulthood. However, it 

should also be noted that only a small percentage of fewer than 4% of participants reported 

use of opioids in any given year, and the majority of adolescents using cannabis or tobacco 

never progressed to using opioids.

With regard to the effects of cannabis legalization for medical or recreational use [53], we 

can only speculate how those legislative changes may affect the association between 

cannabis and opioid use observed in the current study. For example, it is possible that 

legalization of cannabis will reduce adolescent exposure to the black market and 

subsequently also reduce their exposure to other drugs including opioids through these 

black-market channels. Conversely, an increase in adolescent cannabis use due to greater 

availability may put young people at risk for later opioid use, in line with arguments about 

potential cross-sensitization of the adolescent brain through early and repeated cannabis 

exposure.

In the context of increasing cannabis legalization in the United States, findings of the current 

study suggest that we need to carefully monitor not just the effects of these legal changes on 

cannabis use, but also potential unintended consequences with regards to the use of other 

substances, including opioids, by young people.
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Figure 1. 
Parallel growth model of the proposed relationships between early cannabis use, alcohol, 

tobacco and opioid use in adulthood
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Table 1

Analytical sample characteristics (n = 583).

Characteristic n (%)

Gender

 Male 319 (54.7%)

 Female 264 (45.3%)

Race

 White   77 (13.2%)

 African American 506 (86.8%)

Free/reduced-priced lunch

 Yes  411 (70.5%)

 No 172 (29.5%)

Intervention

 Yes 388 (66.6%)

 No 195 (33.4%)
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Table 2

Frequency of use and ns for substance use variables for the analytical sample (n = 583).

Frequency of use

0 1 2 3 n

Cannabis use age 14 507 66 10 – 583

Cannabis use age 15 487 28 36 – 551

Cannabis use age 16 386 65 58 – 509

Cannabis use age 17 360 57 67 – 484

Cannabis use age 18 367 68 62 – 497

Tobacco use age 14 476 92 15 – 583

Tobacco use age 15 453 52 46 – 551

Tobacco use age 16 383 71 55 – 509

Tobacco use age 17 351 53 80 – 484

Tobacco use age 18 383 31 83 – 497

Alcohol use age 14 475 102 4 2 583

Alcohol use age 15 429 97 22 12 551

Alcohol use age 16 332 138 29 24 509

Alcohol use age 17 290 132 50 29 484

Alcohol use age 18 322 126 43 24 497

Opioid use age 19 483 12 1 – 496

Opioid use age 20 469 14 3 – 486

Opioid use age 21 478 16 1 – 495

Opioid use age 22 475 7 5 – 488

Opioid use age 23 464 7 7 – 478

Opioid use age 24 475 10 5 – 490

Opioid use age 25 474 7 5 – 486

Opioid use age 26 463 7 7 – 477
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Table 3

Parameter estimates for parallel growth models involving cannabis, tobacco and alcohol use during 

adolescence (14–18) and opioid use in young adulthood (19–26) (n = 583).

Beta (SE) P

Cannabis intercept
a – –

Cannabis linear slope 1.91 (1.21) 0.114

Cannabis quadratic slope −0.29 (0.28) 0.302

Tobacco intercept
a – –

Tobacco linear slope 1.28 (0.71) 0.073

Tobacco quadratic slope −0.26 (0.21) 0.223

Alcohol intercept
a – –

Alcohol linear slope 2.66 (0.73) < 0.005

Alcohol quadratic slope −0.49 (0.16) 0.002

Opioid intercept
a – –

Cannabis intercept → opioid intercept 1.43 (0.65) 0.028

Cannabis linear slope → opioid intercept 1.09 (0.65) 0.093

Cannabis quadratic slope → opioid intercept −0.15 (0.16) 0.368

Tobacco intercept → opioid intercept 0.82 (0.41) 0.042

Tobacco linear slope → opioid intercept 0.21 (0.32) 0.521

Tobacco quadratic slope → opioid intercept 0.15 (0.08) 0.052

Alcohol intercept → opioid intercept 0.81 (0.44) 0.068

Alcohol linear slope → opioid intercept 0.33 (0.40) 0.402

Alcohol quadratic slope → opioid intercept −0.06 (0.09) 0.472

Opioid use growth model adjusted for participant gender, race, intervention status, free/reduced-priced lunch status and age 14 tobacco and alcohol 
use.

a
In the parameterization of the growth models, the intercept growth factors are fixed at zero as the default. Parameters related to the research 

questions investigated are italicized.
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