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Abstract

Background: Alcohol and cannabis use frequently co-occur, which can result in problems 

from social and academic impairment to dependence (i.e., alcohol use disorder [AUD] and/or 

cannabis use disorder [CUD]). The Emergency Department (ED) is an excellent site to identify 

adolescents with alcohol misuse, conduct a brief intervention, and refer to treatment; however, 

given time constraints, alcohol use may be the only substance assessed due to its common role 

in unintentional injury. The current study, a secondary data analysis, assessed the relationship 

between adolescent alcohol and cannabis use by examining the National Institute of Alcohol 

Abuse and Alcoholism (NIAAA) two question screen’s (2QS) ability to predict future CUD at 

one, two, and three years post-ED visit.

Methods: At baseline, data was collected via tablet self-report surveys from medically and 

behaviorally stable adolescents 12–17 years old (n=1,689) treated in 16 pediatric EDs for non-

life-threatening injury, illness, or mental health condition. Follow-up surveys were completed 

via telephone or web-based survey. Logistic regression compared CUD diagnosis odds at one, 

two, or three-year follow-up between levels constituting a single-level change in baseline risk 

categorization on the NIAAA 2QS (nondrinker versus low-risk, low- versus moderate-risk, 

moderate- versus high-risk). Receiver operating characteristic curve methods examined the 

predictive ability of the baseline NIAAA 2QS cut points for CUD at one, two, or three-year 

follow-up.

Results: Adolescents with low alcohol risk had significantly higher rates of CUD versus non-

drinkers (OR range: 1.94–2.76, p <.0001). For low and moderate alcohol risk, there was no 

difference in CUD rates (OR range: 1.00–1.08). CUD rates were higher in adolescents with high 

alcohol risk versus moderate risk (OR range: 2.39–4.81, p <.05).
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Conclusions: Even low levels of baseline alcohol use are associated with risk for a later CUD. 

The NIAAA 2QS is an appropriate assessment measure to gauge risk for future cannabis use.

Keywords

alcohol; cannabis; adolescents; emergency department; screening

Introduction

Based on data from the nationally representative Monitoring the Future Study, alcohol is one 

of the most frequently used substances by adolescents1, and in the past few years there have 

been significant increases in cannabis use (vaping, daily use amongst 8th and 10th graders)2, 

with rates remaining stable in 20201. Early alcohol use is associated with future negative 

consequences including other substance use, risky sexual behaviors, and other high-risk 

behaviors3, highlighting a need for early alcohol use identification. The co-occurrence of 

alcohol use and cannabis use is also well-documented4,5, and alcohol use disorder (AUD) is 

the most common substance use comorbidity for those with cannabis use disorder (CUD)6.

Because the pediatric emergency department (ED) is the sole source of medical care for 

many adolescents and the ED is recognized as a key point of intervention for substance 

misuse7, the ED is an excellent site in which to identify adolescents with alcohol misuse, 

conduct a brief intervention, and refer to treatment as indicated. In the United States between 

2010 and 2013, among patients 12–20 years old, there were 517,800 ED visits for alcohol 

misuse only (without any co-occurring medical or injury problem), and 139,028 alcohol and 

drug misuse-related ED visits8. Co-use appears associated with more risk, as individuals 

12 years and older with CUD and AUD had higher odds of past-year ED admission and 

inpatient hospitalization compared to those with only CUD in an analysis of the National 

Surveys on Drug Use and Health9. This co-occurrence highlights that when adolescents 

are seen in the ED for an alcohol-related incident, there is a high likelihood that they are 

concurrently using cannabis. However, there are barriers to brief screening and interventions 

for substance misuse in the ED (e.g., time, staff knowledge10), alcohol is commonly 

involved in unintentional injury11, and alcohol is the only substance for which there is 

a screening policy by the American College of Emergency Physicians12. Consequently, 

adolescents may be less likely to be assessed for co-use during an ED visit.

Alcohol use itself, not rising to the level of a disorder, may also be associated with the co-

occurrence of cannabis use and CUDs. An alcohol screening study, using the NIAAA two 

question screen (NIAAA 2QS13), conducted in 16 US Pediatric Emergency Care Applied 

Research Network (PECARN) pediatric EDs found that 25% of adolescent PED patients 

reported past year alcohol use14 and that the NIAAA 2QS identified both current AUD13 

and future AUD15. Cross-sectional data16 also found that any self-reported alcohol use in 

the past year was significantly associated with a CUD and the association was stronger for 

high school students than middle school students. This association was also found across 

gender, ethnicity and race16. The purpose of the present study was to determine whether 

this common co-occurrence of alcohol and cannabis use in adolescence17 held longitudinally 

such that alcohol use could predict future cannabis use. In order to test this question, we 
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examined whether self-reported alcohol use on the NIAAA 2QS at an initial ED visit would 

predict CUDs at one, two and three years after the PED visit.

Methods

This study presents secondary analyses from a parent study that examined the predictive 

validity of the NIAAA 2QS across 16 PEDs nationwide13. Eligible participants were 

medically and behaviorally stable adolescents 12–17 years old treated in one of the 16 

participating PEDs for a non-life-threatening injury, illness, or mental health condition. 

Exclusion criteria included: those not accompanied by an adult qualified to give written 

consent for the adolescent’s participation in the study, parents or adolescents unable to read 

and speak English or Spanish, or those lacking a telephone or an address of residence. 

Institutional Review Board approval was obtained at all sites prior to study enrollment. 

Study staff approached eligible adolescents and their parent(s); to enroll, they provided 

written assent and written parental permission, respectively. Participants were enrolled from 

May 2013 to June 2015, and the last follow-ups were completed in March 2018.

Adolescents enrolled in the study completed a web-based baseline assessment consisting 

of the NIAAA 2QS, measures of other substance use, and other risk behavior measures. 

Assessments occurred on a tablet computer in adolescents’ hospital room; parents were 

told information would be kept confidential. Details about methodology were previously 

reported14. The other instrument related to the analyses reported here was the CUD module 

of the Diagnostic Interview Schedule for Children (DISC18), a structured interview used to 

determine a range of DSM-5 psychiatric disorders. The DISC has been shown to have high 

sensitivity (0.73–1.00 for psychiatric disorders such as substance use disorder18).

At baseline, there were 4,834 participants who completed the alcohol screen during the 

PED visit, of which 4,714 completed the cannabis use DISC questions. A subsample of 

these participants was randomly selected for long-term follow-up; 2,147 adolescents were 

randomized to receive the assessment battery again at one- and two-year follow-up. At 

the two-year follow-up, participants were given the option of taking part in a three- year 

follow-up. All follow-ups were completed via telephone or web-based survey, based on 

patient preference. Of these, 1,689 adolescents completed the DISC cannabis questions 

for at least one follow-up timepoint. Baseline demographics for the sub-sample in the 

current study (n = 1,689) are similar to those previously described when reporting on main 

outcomes14,15. Nearly half of the sample identified as White, 24% identified as Black and 

just over one quarter identified as Hispanic. Participants received a $10 gift card for the 

baseline survey and a $25 gift card for each follow-up survey. Of the 2,147 selected, 1,511 

(70%) were successfully contacted at 1-year follow-up and completed the DISC questions 

related to cannabis use. At 2- and 3-year follow-up, the numbers completing cannabis 

follow-up assessments were 1,485 (69%) and 1,286 (60%), respectively. In total, 1,689 

(79%) participants completed the DISC cannabis questions for at least one of the follow-up 

times.
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Statistical Analysis

First, we used logistic regression models (Wald test) to compare the odds of a DISC 

diagnosis of CUD at 1-, 2-, or 3-year follow-up between levels constituting a single-level 

change in baseline risk categorization outlined in the NIAAA 2QS manual (nondrinker 

versus low-risk, low- versus moderate-risk, and moderate- versus high-risk). Next, we used 

receiver operating characteristic (ROC) curve methods to examine the predictive ability at 

various cut points of the baseline alcohol screen for CUD at 1-, 2-, or 3-year follow-up. 

We calculated sensitivity and specificity to estimate the probability that the alcohol screen 

appropriately categorized participants with a DISC diagnosis of CUD and the probability 

that the alcohol screen appropriately categorized participants who did not have a DISC 

diagnosis of CUD. We defined the optimal cut point as the point with the highest sum of 

sensitivity and specificity. We calculated test characteristics at each potential cut point, and 

used the area under the curve (AUC) to provide an assessment of the overall predictive 

ability of the screen. We performed these analyses for each of the follow-up time points 

separately.

Results

CUD rates increased throughout the follow-up period from 6% at one-year follow-up to 

7.6% at two- year follow-up and 10.3% at three-year follow-up. In Table 1, we present odds 

ratios for CUD diagnosis at one-, two-, and three- year follow-up as a function of baseline 

alcohol risk category derived from the alcohol screen.

Rates of CUD were significantly higher in those with low alcohol risk compared to non-

drinkers. Similarly, CUD rates were higher in those with high alcohol risk compared to those 

with moderate risk. There was no difference in CUDs between those with low and moderate 

alcohol risk.

In Figure 1, we display the predictive ability of the NIAAA 2QS alcohol screen with 

reference to CUD diagnoses as ROC curves. Defining the point with the highest sum of 

sensitivity and specificity as optimal, we used “lower risk” and above as a cutoff for all 

3 years. At this dichotomy, sensitivity is 69% (95% CI: 59%–78%) at 1 year, 67% (95% 

CI: 59%–76%) at 2 years, and 53% (95% CI: 44%–61%) at 3 years, with corresponding 

specificity of 81% (95% CI: 79%–83%) at 1 year, 82% (95% CI: 80%–84%) at 2 years, and 

83% (95% CI: 80%–85%) at 3 years. Overall, the predictive ability was similar at 1-year and 

2-year (AUC = 0.757 for both), but lower at 3 years (AUC 0.687).

Discussion

Taken together, these findings support the notion of the strong relationship between alcohol 

and cannabis use across adolescent development. The findings with respect to levels of 

drinking and use of cannabis across adolescence are interesting. Low risk for alcohol use 

was related to cannabis use over the three-year follow-up period, particularly at one and two 

years. Thus, someone who is low risk for an AUD is not necessarily at low risk for a CUD. 

Along those lines, it is notable that we found no difference in the odds of CUD diagnosis 

between individuals categorized at baseline as low- or moderate-risk for alcohol problems. 
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That is, a change in baseline NIAAA 2QS risk category from low to moderate does not 

predict a significant difference in odds of a CUD diagnosis from baseline to three years later. 

Taken together with the sensitivity and specificity findings discussed below, any alcohol use 

in the past year increases the odds for meeting criteria for a CUD diagnosis one to three 

years later among adolescents receiving pediatric ED services. This investigation extends the 

cross-sectional finding that any drinking in the past year is associated with increased odds of 

a CUD at baseline16 to one, two, and three-year follow-up time periods.

The current study also demonstrates that the NIAAA 2QS has reasonable sensitivity and 

specificity with respect to predicting CUD. The predictive power is highest at one- to 

two-year follow-up and diminishes at the 3-year follow-up. The best combined sensitivity 

and specificity was achieved using the “lower risk” category of the NIAAA 2QS and above 

as a cutoff for prediction of a DSM-5 CUD diagnosis. This finding suggests that even when 

adolescents report low alcohol use, it is equally important to ask about cannabis use19. It 

is also notable that the sensitivity of the NIAAA 2QS for CUD in this study was superior 

to that of a prior study that used a specific question intended for use in screening for 

cannabis use, “In the past year, how often have you used cannabis: 0 to 1 time, ≥2 times?”19. 

Sensitivity for that question was 60.9%, 52.3% and 34.1% at one, two and three years, 

respectively19. Thus, it may be that a combination of a specific cannabis use question with 

an alcohol use question would be better able to predict subsequent cannabis use than either a 

cannabis or alcohol use question alone.

This study had some important limitations. First, this is a secondary analysis of a parent 

study not designed to answer this specific research question. Second, follow-up rates ranged 

from 70% in year one to 60% in year three. It is possible that those lost to follow-up 

may have had different rates of CUD than those included in this sample. Third, this large 

sample is derived from urban academic EDs and may not be representative of all youth 

nationwide. Fourth, although these data were collected at a time when few states had yet 

legalized recreational cannabis use, geographic location could substantially affect cannabis 

use rates between states that have and have not legalized recreational cannabis use. Lastly, 

to ensure patient confidentiality, screening was self-administered for this study. This is not 

necessarily a limitation, but findings may have differed had the screening been administered 

by a clinician.

Despite these limitations, this study demonstrates that a simple alcohol screen may provide 

some valuable information on future risk of a CUD diagnosis for youth seen in EDs. 

Future research might study the combined specificity and sensitivity of alcohol and cannabis 

screening to determine future risk for both problematic alcohol and cannabis use. Also, a 

study evaluating the factors that make adolescents presenting to the ED potentially at greater 

risk for co-use than the general population would be of interest and could inform prevention 

and early intervention efforts.

Linakis et al. Page 6

Subst Abus. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conflicts of Interest and Source of Funding:

Funding sources:

All phases of this study were supported in part by NIAAA 1R01AA021900 to A Spirito and JG Linakis. 
This project is supported in part by the Health Resources and Services Administration (HRSA), Maternal 
and Child Health Bureau (MCHB), Emergency Medical Services for Children (EMSC) Network Development 
Demonstration Program under cooperative agreements U03MC00008 and U03MC00001, U03MC00003, 
U03MC00006, U03MC00007, U03MC22684, and U03MC22685. S. A. Thomas was partially supported by 
Institutional Development Award Number U54GM115677 from the National Institute of General Medical Sciences 
of the National Institutes of Health, which funds Advance Clinical and Translational Research (Advance-CTR), and 
K23DA050911. This information or content and conclusions are those of the author and should not be construed as 
the official position or policy of, nor should any endorsements be inferred by HRSA, HHS or the U.S. Government. 
The funding organization had no role in the design and conduct of the study; collection, management, analysis, and 
interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript 
for publication.

References

1. Johnston LD, Miech RA, O’Malley PM, Bachman JG, Schulenberg JE, Patrick ME. Monitoring the 
Future national survey results on drug use, 1975–2020: Overview, key findings on adolescent drug 
use. Ann Arbor: Institute for Social Research, University of Michigan.2021.

2. Johnston LD, Miech RA, O’Malley PM, Bachman JG, Schulenberg JE, Patrick ME. Monitoring the 
Future national survey results on drug use, 1975–2019: Overview, key findings on adolescent drug 
use. Ann Arbor: Institute for Social Research, University of Michigan.2020.

3. Ellickson PL, Tucker JS, Klein DJ. Ten-year prospective study of public health problems associated 
with early drinking. Pediatrics. 2003;111(5 Pt 1):949–955. [PubMed: 12728070] 

4. Patrick ME, Kloska DD, Terry-McElrath YM, Lee CM, O’Malley PM, Johnston LD. Patterns of 
simultaneous and concurrent alcohol and marijuana use among adolescents. Am J Drug Alcohol 
Abuse. 2018;44(4):441–451. [PubMed: 29261344] 

5. Terry-McElrath YM, O’Malley PM, Johnston LD. Simultaneous alcohol and marijuana use among 
U.S. high school seniors from 1976 to 2011: Trends, reasons, and situations. Drug Alcohol Depend. 
2013;133(1):71–79. [PubMed: 23806871] 

6. Khan SS, Secades-Villa R, Okuda M, et al. Gender differences in cannabis use disorders: results 
from the National Epidemiologic Survey of Alcohol and Related Conditions. Drug Alcohol Depend. 
2013;130(1–3):101–108. [PubMed: 23182839] 

7. Cunningham RM, Bernstein SL, Walton M, et al. Alcohol, Tobacco, and Other Drugs: Future 
Directions for Screening and Intervention in the Emergency Department. Acad Emerg Med. 
2009;16(11):1078–1088. [PubMed: 20053226] 

8. Naeger S Emergency department visits involving underage alcohol use: 2010 to 2013. The CBHSQ 
Report Rockville, MD: Center for Behavioral Health Statistics and Quality; May 16, 2017.

9. John WS, Wu LT. Problem alcohol use and healthcare utilization among persons with cannabis use 
disorder in the United States. Drug Alcohol Depend. 2017;178:477–484. [PubMed: 28711814] 

10. Samuels EA, Dwyer K, Mello MJ, Baird J, Kellogg AR, Bernstein E. Emergency department-
based opioid harm reduction: Moving physicians from willing to doing. Acad Emerg Med. 
2016;23(4):455–465. [PubMed: 26816030] 

11. Cherpitel CJ. Alcohol and injuries: emergency department studies in an international perspective. 
Geneva, Switzerland: World Health Organization; 2009.

12. Hawk K, D’Onofrio G. Emergency department screening and interventions for substance use 
disorders. Addict Sci Clin Pract. 2018;13:6. [PubMed: 29482632] 

13. Spirito A, Bromberg JR, Casper TC, et al. Reliability and Validity of a Two-Question Alcohol 
Screen in the Pediatric Emergency Department. Pediatrics. 2016;138(6):10.

14. Bromberg JR, Spirito A, Chun T, et al. Methodology and Demographics of a Brief Adolescent 
Alcohol Screen Validation Study. Pediatr Emerg Care. 2019;35(11):737–744. [PubMed: 
29112110] 

Linakis et al. Page 7

Subst Abus. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Linakis JG, Bromberg JR, Casper TC, et al. Predictive Validity of a 2-Question Alcohol Screen at 
1-, 2-, and 3-Year Follow-up. Pediatrics. 2019;143(3):e20182001. [PubMed: 30783022] 

16. Spirito A, Bromberg JR, Casper TC, et al. Screening for Adolescent Alcohol Use in the Emergency 
Department: What Does It Tell Us About Cannabis, Tobacco, and Other Drug Use? Subst Use 
Misuse. 2019;54(6):1007–1016. [PubMed: 30727811] 

17. Vanyukov MM, Tarter RE, Kirillova GP, et al. Common liability to addiction and “gateway 
hypothesis”: Theoretical, empirical and evolutionary perspective. Drug Alcohol Depend. 2012;123 
Suppl 1:S3–17. [PubMed: 22261179] 

18. Fisher PW, Shaffer D, Piacentini JC, et al. Sensitivity of the Diagnostic Interview Schedule for 
Children, 2nd edition (DISC-2.1) for specific diagnoses of children and adolescents. J Am Acad 
Child Adolesc Psychiatry. 1993;32(3):666–673. [PubMed: 8496131] 

19. Linakis JG, Bromberg JR, Casper TC, et al. Reliability and Validity of the Newton Screen 
for Alcohol and Cannabis Misuse in a Pediatric Emergency Department Sample. J Pediatr. 
2019;210:154–160 e151. [PubMed: 30967250] 

Linakis et al. Page 8

Subst Abus. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
CUD = cannabis use disorder; PPV = positive predictive value; NPV = negative predictive 

value; AUC = area under the curve
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