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Abstract

Background—This study sought to specify (1) the position of nonmedical prescription opioids 

(NMPO) in drug initiation sequences among Millennials (1979–96), Generation X (1964–79), and 

Baby Boomers (1949–64) and (2) gender and racial/ethnic differences in sequences among 

Millennials.

Methods—Data are from the 2013–2014 National Surveys on Drug Use and Health (n = 73,026). 

We identified statistically significant drug initiation sequences involving alcohol/cigarettes, 

marijuana, NMPO, cocaine, and heroin using a novel method distinguishing significant sequences 

from patterns expected only due to correlations induced by common liability among drugs.

Results—Alcohol/cigarettes followed by marijuana was the most common sequence. NMPO or 

cocaine use after marijuana, and heroin use after NMPO or cocaine, differed by generation. 

Among successively younger generations, NMPO after marijuana and heroin after NMPO 

increased. Millennials were more likely to initiate NMPO than cocaine after marijuana; 

Generation X and Baby Boomers were less likely (odds ratios = 1.4;0.3;0.2). Millennials were 

more likely than Generation X and Baby Boomers to use heroin after NMPO (hazards ratios = 

7.1;3.4;2.5). In each generation, heroin users were far more likely to start heroin after both NMPO 

and cocaine than either alone. Sequences were similar by gender. Fewer paths were significant 

among African-Americans.

*Corresponding author at: 1051 Riverside Drive Unit 20, New York, NY 10032, USA. dbk2@cumc.columbia.edu (D.B. Kandel). 

Contributors
All the authors contributed to the design of the analysis, reviewed the analysis, and participated in the writing of the manuscript. All 
authors approved of the final version of the manuscript before submission.

Conflict of interest disclosures
The authors report no conflicts of interest.

HHS Public Access
Author manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2019 January 01.

Published in final edited form as:
Drug Alcohol Depend. 2018 January 01; 182: 103–111. doi:10.1016/j.drugalcdep.2017.10.013.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—NMPOs play a more prominent role in drug initiation sequences among 

Millennials than prior generations. Among Millennials, NMPO use is more likely than cocaine to 

follow marijuana use. In all generations, transition to heroin from NMPO significantly occurs only 

when both NMPO and cocaine have been used. Delineation of drug sequences suggests optimal 

points in development for prevention and treatment efforts.
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1. Introduction

Heroin use increased sharply over the last several years among nonmedical users of 

prescription opioids (NMPO), especially heavy and dependent users (Banerjee et al., 2016; 

Cerdá et al., 2015; Jones, 2013; Jones et al., 2015; Martins et al., 2016; Muhuri et al., 2013). 

NMPO users are also more likely than non-users to use marijuana, stimulants or cocaine 

(Banerjee et al., 2016; Boyd et al., 2009; Catalano et al., 2011; Han et al., 2015; McCabe et 

al., 2011; Wu et al., 2008; Young et al., 2012). The prevalence of legal and illegal drug use, 

including NMPO, has been examined across birth cohorts (Bluthenthal et al., 2017; 

Degenhardt et al., 2007; Golub and Johnson, 2001; Johnson and Gerstein, 1998). Use of 

heroin and marijuana peaked in the early 1970’s, cocaine in the 1980’s, and NMPO in the 

mid-2000’s. Progression through stages of drug use from nonuse to alcohol/tobacco, 

marijuana, and hard drugs (cocaine, heroin) observed from 1979 to 1997 for 1910–1971 

birth cohorts was examined by Golub and Johnson (2001). Progression to each stage peaked 

with the 1960 birth cohort. To the best of our knowledge, except for that study, generational 

changes in developmental patterns of drug initiation in the population, in particular, 

pathways involving NMPO and NMPO in relation to cocaine and heroin, have not been 

examined.

Drug usage starts with alcohol or cigarettes and proceeds to illegal drugs, even in recent 

periods when rates of marijuana use surpass those of cigarette use (Keyes et al., 2016). 

Marijuana, in turn, precedes use of cocaine and other illicit substances (Cleveland and 

Wiebe, 2008; Degenhardt et al., 2010; Fergusson et al., 2006; Kandel, 2002; Kandel et al., 

2006; Lynskey et al., 2012; Rebellon and Van Gundy, 2006; Wagner and Anthony, 2002). 

This progression, observed in the US and internationally, led to the notion of the Gateway 

Hypothesis: alcohol, tobacco or marijuana are gateways to using other substances. The 

notion of developmental stages in drug behavior does not imply that these stages are 

obligatory nor that entry into a lower stage drug inexorably leads to higher stage drugs. 

Translational research in rodents supports a causal mechanism through which the gateway 

sequence arises between two drugs. Nicotine pretreatment (in mice) and alcohol (in rats) 

enhances responses to later cocaine exposure but not vice versa (Griffin et al., 2017; Kandel 

and Kandel, 2014; Levine et al., 2011). Nicotine acts as a gateway drug and exerts a priming 

effect on cocaine through increased global histone acetylation in the nucleus accumbens, and 

this creates an environment primed for induction of gene expression.
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Another perspective, the Common Liability Model, posits that use of multiple drugs reflects 

a common liability for drug use, with no specific influence of one particular drug leading to 

use of another (Palmer et al., 2009; Vanyukov et al., 2012). Generalized risks include not 

only common genetic predispositions but psychosocial and environmental factors including 

drug availability (Bailey et al., 2011; Cleveland and Wiebe, 2008; Rebellon and Van Gundy, 

2006; Wagner and Anthony, 2002).

The position of NMPO use in the sequence of drug involvement remains to be established, 

especially nationally, and may vary between birth cohorts who differ in their drug 

experiences. Catalano et al. (2011) inferred an order between NMPO and other drugs from 

rates of use of different drugs from first grade to age 21. While Harrell and Broman (2009) 

concluded that alcohol and marijuana use in adolescence predicted any nonmedical 

prescription drug (NMPD) use six years later, including NMPO, the sequence of initiation 

among these drugs could not be identified because neither NMPD use at the initial interview 

nor onset age were ascertained. Others reported that marijuana use prior to age 18 was 

associated with NMPO use by age 25 (Fiellin et al., 2013), and cigarette and marijuana use 

by 12th grade predicted NMPO use by age 23 (Miech et al., 2015). Several studies 

documented that initiation of NMPO use occurred before heroin (Banerjee et al., 2016; 

Cerdá et al., 2015; Jones, 2013; Muhuri et al., 2013; Novak et al., 2016). This sequence 

became more prevalent in the population between 2002–04 and 2008–10 (Jones, 2013) and 

among those born after 1980 (Novak et al., 2016). Except for these studies, changes in 

patterns of heroin initiation in relation to NMPO and other drugs in different historical 

periods and at different points in the lifespan have not been examined.

Drug use is an age-graded behavior, and historical differences in prevalence of drug use 

experienced by different birth cohorts at ages at highest risk for drug initiation may 

influence the drug use careers of different generations. We consider developmental patterns 

of use across three generational cohorts spanning ages 18–64 in 2013–2014: Millennials 

(born in 1979–96), Generation X (born in 1964–79), and Baby Boomers (born in 1949–64). 

The birth years defining generations vary slightly across investigations (Fry, 2016; Pew 

Research Center, 2015), but generations provide a useful way of considering the behaviors 

of individuals born in different time periods. Trend data as of 1982 among 18–34 years olds 

illustrate that, while prevalence of lifetime use of different drug classes varied greatly over 

the last 40 years, the relative ranking of these drugs remained the same, except for NMPO 

(Supplementary Fig. 1). At ages 18–34, Baby Boomers lived through a period of increased 

drug experimentation, while Generation X lived through a period of decreasing prevalence 

of use of different drugs. Millennials experienced increases in use, especially for NMPO and 

heroin. Hence, we would expect sequences of drug initiation to vary across generations, 

especially regarding the position of NMPO.

We analyze developmental patterns of involvement in legal and illegal drugs with a focus on 

sequences between NMPO, cocaine, and heroin. Using a novel simulation method that 

distinguishes significant drug initiation sequences from patterns expected to occur by chance 

due to correlations induced by common liability between use of different drugs, we address 

the following questions: (1) what is the position of NMPO use in drug initiation sequences 

in three generations (Millennials, Generation X, and Baby Boomers?) and (2) what are 

Wall et al. Page 3

Drug Alcohol Depend. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



gender and racial/ethnic differences in these patterns among Millennials, the youngest 

generation?

2. Methods

2.1. Sample

Data are from two aggregated surveys (2013–2014) from the National Survey on Drug Use 

and Health (NSDUH), annual cross-sectional surveys of drug use in multistage 

representative probability samples of the US population aged 12 and older (CBHSQ, 2015a). 

All states are represented. The target civilian non-instituionalized population represents over 

98% of the population. Persons in non-institutional group quarters (homeless shelters, 

rooming houses, college dormitories) and civilians on military bases are included; 

individuals on active military duty, in jail, drug treatment programs, hospitals, and homeless 

not in shelters are excluded. Age groups at highest risk for drug use (12–17 and 18–25) are 

oversampled. Overall response rates were 60.2% in 2013 and 58.3% in 2014. Public use data 

were used for ages 18–64 (n = 73,026).

The study was granted expedited approval by the New York State Psychiatric Institute – 

Columbia University Department of Psychiatry Institutional Review Board.

2.2. Data

Data were collected by CBHSQ with computer-assisted personal interviews (CAPI) by an 

interviewer, and audio-computer assisted self-interviewing (ACASI) for substance use. 

Respondents were asked about use of prescription pain relievers (opioids) without a 

prescription or for the experience or feeling they caused; 21 pain relievers were listed.

2.2.1. Selected constructed variables—Lifetime use and onset age of cigarettes and/or 

alcohol, marijuana, cocaine, heroin, nonmedical prescription opioids were included. If both 

cigarettes and alcohol were used, onset age was set to the earlier age.

Three generations were defined: birth cohorts matched as closely as possible the generations 

defined by Pew Research Center (2015). Deviations were due to age groupings in NSDUH: 

Millennials, born in 1979–96 (vs. 1981–97 in Pew), Generation X, born in 1964–79 (vs. 

1965–80), Baby Boomers, born in 1949–64 (vs. 1946–64), aged 18–34, 35–49, and 50–64, 

respectively, in 2013–2014. Since NSDUH groups ages and two surveys were aggregated, 

two birth-year cohorts (1964 (1979) were included in two generations.

The generations cover different ranges of the lifespan, ages 18–34 for Millennials, 35–49 for 

Generation X, and 50–64 for Baby Boomers.

2.3. Analytical strategy

Three analyses were implemented: (1) estimation of prevalence of lifetime use of the five 

drugs; (2) identification of significant drug initiation sequences using a novel simulation-

based method; (3) estimation through survival analysis of risk of (a) NMPO or cocaine 

initiation next after marijuana (discrete-time survival model) and (b) heroin initiation next 

after NMPO or cocaine initiation (Cox proportional hazards model for dichotomous 
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outcome). Analyses were implemented by generation, and by gender and race/ethnicity 

among Millennials.

2.3.1. Identification of significant drug initiation sequences—Drug initiation 

sequences were identified based on ordered, reported ages of first use of up to five drugs. 

There were 326 possible sequences: none, 5 one-drug sequences, and 20, 60, and 120 

sequences of 2, 3, 4, and 5 drugs, respectively. Subjects reporting initiating illicit drugs 

before age 5 were excluded (n = 64). Ties in age of onset were randomly assigned an order 

based on the prevalence of initiation orders observed in the total sample. Less than 1% of 

ties involved more than two drugs, the most common (8.5%) being between alcohol/

cigarettes and marijuana.

Statistically significant drug sequences compared to those expected by chance under a 

common liability model were identified with a simulation-based approach. The method 

simulates a population with characteristics (ages at survey, prevalence of lifetime use, and 

distributions of onset age for each drug) identical to the observed NSDUH sample but with 

sequential patterns of drug use onset generated randomly: (1) a multivariate probit model 

simulated correlated dichotomous lifetime use of all 5 drugs and (2) a multinomial 

distribution simulated onset age for each drug conditional on lifetime use. Population values 

for correlations for lifetime use in (1) and age of onset in (2) were fixed at the observed 

values from the NSDUH sample for each age at time of survey.

The method calculated the expected prevalence of the 326 possible drug initiation sequences 

in the simulated population data and compared these to the observed prevalence of each drug 

sequence in NSDUH using a standard test of proportions. A statistically significant drug 

sequence implied that it occurred more (or less) often than by chance. Hence, the order of 

drugs (i.e., gateway), not just the combination of drugs (i.e., common liability), was 

significant. The p-value was based on the standard normal distribution, with level of 

significance Bonferroni adjusted (Holland and Copenhaver, 1988) for the total number of 

sequences tested. Censoring of drug initiation, particularly at younger survey ages, was 

controlled within the method by simulating drug sequences and comparing them conditional 

upon age at time of survey. The simulation-based analyses were performed within each 

generation, and by gender and race/ethnicity within Millennials. Sequences were excluded 

when observed counts were < 25 in each generation and < 10 in each demographic 

subgroup.

The simulation-based method was implemented in SAS 9.4 (SAS Institute Inc., 2013) with 

code available from authors; other analyses were implemented in SUDAAN 11.0.1 (RTI, 

2012). Analyses used sample weights reflecting selection probabilities at various stages of 

the sampling design.

3. Results

3.1. Lifetime use of five drug classes among generations

While the absolute prevalence of lifetime use of the drugs varied across generations, relative 

rankings were similar except for NMPO and cocaine (Table 1). Alcohol or cigarette use was 
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most prevalent. Marijuana use was next in prevalence, with rates higher among Millennials 

and Baby Boomers than Generation X. NMPO use increased among each successively 

younger generation while cocaine use decreased. Among Millennials, NMPO use was more 

prevalent [21.5% (95% CI = 20.9%–22.1%) than cocaine use [15.0% (95% CI = 14.6%–

15.5%)]; among Generation X, and especially Baby Boomers, cocaine use was more 

prevalent than NMPO use: Generation X cocaine = 18.6% (95% CI = 17.9%–19.3%) versus 

NMPO = 15.3% (95% CI = 14.7%–16.1%); Baby Boomers = 22.9% (95% CI = 21.8%–

24.2%) versus 12.0% (95% CI = 11.1%–12.8%). Lifetime heroin use was the least prevalent. 

The rates were higher among Millennials (2.6%, 95% CI = 2.4%–2.8%) and Baby Boomers 

(2.5%, 95% CI = 2.1%–3.0%) than Generation X (1.9%, 95% CI = 1.6%–2.1%).

Based on self-reported ages of onset, only very small percentages of Generation X or Baby 

Boomers report initiating any of the drugs after age 34, ranging from 0.3% for heroin in both 

generations, 0.5% and 0.9% for alcohol/cigarettes, 0.7% and 1.0% for marijuana, and 0.5% 

and 1.3% for cocaine among Generation X and Baby Boomers, respectively. The largest 

percentages of initiates occur for nonmedical prescription opioids, at 2.8% for Generation X 

and 4.0% Baby Boomers.

3.2. Drug initiation sequences for five drug classes among generations

Of 326 possible drug initiation sequences among the five drugs, 13 sequences, including no 

drug use, occurred significantly more frequently than expected by chance (z > 3.7, P’s < 

0.0002) in at least one generation. Fig. 1 displays proportions of individuals in each 

generation who followed unique significant sequences according to the last drug they used 

(see also Supplementary Table 1).

Ten percent of Millennials, 7.7% of Generation X, and 7.3% of Baby Boomers had never 

used any drugs, a pattern which occurred significantly more frequently than expected by 

chance among Generation X. Exclusive lifetime use of alcohol or cigarettes occurred as 

expected by chance and ranged from 32.2% among Millennials to 38.6% among Generation 

X (Fig. 1). The most common statistically significant sequence observed at the same rate 

(≈25%) across the three generations was alcohol/cigarettes followed by marijuana.

The sequences of alcohol/cigarettes, then marijuana followed by NMPO or by cocaine were 

statistically significant in each generation, although each generation initiated NMPO or 

cocaine use after marijuana at different rates. Marijuana followed by NMPO occurred more 

frequently among Millennials (5.9%) than Generation X (3.5%) or Baby Boomers (2.4%); 

marijuana followed by cocaine occurred less frequently among Millennials (4.2%) than 

Generation X (8.7%) and especially Baby Boomers (12.6%). The proportion initiating 

NMPO first, followed by cocaine, increased from Baby Boomers and Generation X to 

Millennials (Supplementary Table 1).

The sequences of alcohol/cigarettes, marijuana, NMPO and/or cocaine followed by heroin 

were statistically significant for all generations. Patterns were similar for Generation X and 

Baby Boomers but differed for Millennials. Among Millennials, NMPO followed by cocaine 

more frequently preceded heroin use (0.9%) than did cocaine followed by NMPO (0.6%); 

among Generation X and Baby Boomers these two paths were equally prevalent (0.3%). 
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Among all generations, a direct path from cocaine to heroin was also observed, but among 

Millennials it was much weaker than the path from cocaine to heroin through NMPO. 

Generation X and Baby Boomers included a path from cocaine to heroin followed by NMPO 

(Fig. 1; Supplementary Table 1).

A statistically significant single drug sequence, use of NMPO prior to any other drugs, 

emerged only among Millennials (0.4%).

3.2.1. NMPO or cocaine initiation next after marijuana—To highlight generational 

differences in drug sequences following marijuana use, combined patterns of NMPO or 

cocaine initiation following marijuana use, without considering subsequent sequences, were 

examined. The overall proportions who started using cocaine or NMPO after marijuana 

varied little across generations (approximately 40% of marijuana users) (Fig. 2). However, 

as noted above, Millennials were more likely to start using NMPO than cocaine next after 

marijuana, while the pattern was reversed for Generation X and Baby Boomers (Fig. 2). 

Among Millennials, 24.0% started using NMPO next after marijuana and 16.9% started 

cocaine next after marijuana. By contrast, 12.6% of Generation X and 10.1% of Baby 

Boomers started using NMPO next after marijuana compared with 31.0% and 35.3%, 

respectively, who started cocaine after marijuana (P’s < 0.001). Thus, the risk of first starting 

NMPO versus cocaine was positive among Millennials (odds ratio [OR] = 1.4 [95% CI = 

1.3–1.5]) and negative among Generation X (OR = 0.29 [95% CI = 0.26–0.32]) and Baby 

Boomers (OR = 0.18 [95% CI = 0.15–0.22]) (Table 2-A).

Compared to other generations, Millennials experienced an increase in those who, after 

marijuana, used NMPO before cocaine or only NMPO, and a sharp decrease of those who 

used only cocaine (Supplementary Table 2).

3.2.2. Heroin initiation after NMPO and cocaine—Marijuana users in every 

generation, especially Millennials, were much more likely to start using heroin after using 

both NMPO and cocaine (=18.8% vs. 12.1% Generation X, 11.5% Baby Boomers, P’s < 

0.001) than cocaine alone (7.7%, 7.4%, 6.7%, respectively, P’s < 0.01) or especially NMPO 

alone (=2.5% versus 1.1% and 3.3%, respectively, P’s < 0.05) (Fig. 3, STable 3). The risk of 

heroin initiation after NMPO, irrespective of cocaine initiation, was higher among 

Millennials (hazards ratio [HR] = 7.1 [95% CI = 5.6–9.1]) than Generation X (HR = 3.4 

[95% CI = 2.6–4.3]) and Baby Boomers (HR = 2.5 [95% CI = 1.6–4.0]) (Table 2-B). In all 

generations, the risk of heroin initiation after cocaine was much higher than the risk of 

heroin initiation after NMPO. However, the risk was similar among Millennials (HR = 16.6 

[95% CI = 13.2–20.9]) and Generation X (HR = 17.5 [95% CI = 11.4–27.8]) but much lower 

among Baby Boomers (HR = 4.1 [95% CI = 2.7–6.2]) (Table 2-B; Supplementary Table 3).

3.3. Gender and racial/ethnic differences among Millennials

3.3.1. Lifetime use of five drug classes—Among Millennials, males had higher rates 

of lifetime use of each drug than females, as did whites compared to minorities 

(Supplementary Table 4). Marijuana use was higher among African-Americans than 

Hispanics; cocaine and heroin use was higher among Hispanics than African-Americans. 
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Cocaine and heroin use was very low among African-Americans, precluding the 

identification of sequences involving these drugs.

3.3.2. Drug initiation sequences for five drug classes—Sequences were the same 

among males and females (Supplementary Table 5). More paths were statistically significant 

among whites than minorities (Fig. 4; Supplementary Table 5). Among all racial/ethnic 

groups, the most frequent sequence was alcohol/cigarettes to marijuana. The sequences from 

marijuana to NMPO or cocaine were more frequent among whites than minorities (NMPO: 

7.3% whites, 5.4% African-Americans, 3.4% Hispanics; cocaine: 5.1%, 1.2%, 4.0%). 

Whites, and especially African-Americans, were more likely to use NMPO than cocaine 

after marijuana, while Hispanics were equally like to use either drug after marijuana (Table 

2-A, Fig. 2-C). Whites and Hispanics progressed to heroin after both NMPO and cocaine in 

any order; whites also progressed to heroin directly after only cocaine (Fig. 4).

4. Discussion

Across three generations in the US, NMPO use fits within a developmental sequence of drug 

involvement that starts with alcohol or cigarettes, proceeds to marijuana, then to NMPO 

and/or cocaine, and finally to heroin. The combined rates of initiating either NMPO or 

cocaine among marijuana users do not vary across generations, whereas the sequential 

patterns between the two drugs do. Among Millennials, NMPO is more likely than cocaine 

to follow directly after marijuana, and the reverse occurs among Generation X and, 

especially, Baby Boomers. Heroin almost never follows directly marijuana; either NMPO or 

cocaine are initiated after marijuana. In each generation, the highest rates of heroin initiation 

follow use of both NMPO and cocaine. Both NMPO and cocaine use need to be taken into 

account in the progression to heroin use. A decreasing proportion initiate heroin next after 

cocaine, without NMPO, from Baby Boomers to Millennials. The mechanisms underlying 

the stronger impact of NMPO on subsequent heroin initiation when NMPO precedes rather 

than follows cocaine among Millennials remain to be elucidated. While increasing use of 

NMPO prior to heroin in more recent cohorts was previously noted (Jones, 2013; Novak et 

al., 2016; Martins et al., 2016), to the best of our knowledge, the importance of cocaine 

either prior to or next after NMPO in the progression to heroin has not previously been 

noted.

The increasingly higher risk of progression from NMPO to heroin from Baby Boomers and 

Generation X to Millennials may be partially accounted for by changing individual and 

environmental factors. Contributing factors may be recent increases in high-intensity NMPO 

use (Jones, 2013), abuse, and need for opioids combined with the greater availability and 

affordability of heroin (Cicero et al., 2014; Compton et al., 2016; NIDA, 2015). In additional 

analyses, we found that prevalence of high-intensity NMPO use among lifetime NMPO 

users, i.e., those using NMPO at least 200 times or meeting DSM-IV criteria for prescription 

opioid disorder within the past year (Han et al., 2015), was higher among Millennials (7.5%) 

than Generation X (5.2%) and Baby Boomers (4.3%). In every generation, high-intensity 

NMPO use was associated with the highest rates of heroin use. In 2013–14, among 

Millennials aged 18–34, 21.1% of past year high-intensity NMPO users used heroin 

compared with 4.6% of non-heavy, 1.0% of former, and 0.1% of never users. While the 
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direction of the association between intensive NMPO use and heroin cannot be determined 

from cross-sectional data, Muhuri et al. (2013) and Compton et al. (2016), who analyzed 

restricted NSDUH data where new heroin users could be identified, found that NMPO 

dependence/abuse preceded heroin uptake. The increase in the progression from prescription 

opioids to heroin among Millennials compared to older generations may be due not only to 

increases in high intensity prescription opioid use but also to the greater availability and 

affordability of heroin. Baby Boomers, having easier access to medically prescribed opioids, 

would have less need to shift to heroin. However, for all generations, the progression from 

prescription opioids to heroin needs to take cocaine into account, since cocaine is an integral 

part of the progression from NMPO to heroin.

The racial/ethnic patterns reproduce differences that have historically been consistently 

observed. African-Americans are less likely than other groups to follow statistically 

significant progression patterns (Dean et al., 2014; Golub and Johnson, 2002; Sartor et al., 

2013). The absence of significant progression to heroin among African-American 

Millennials is striking.

In parallel to increases in intensive NMPO use, medical practices and policy changes over 

the last twenty years, including the introduction of long-acting opioids such as OxyContin in 

1995, changes in pain management, increases in opioid prescribing, and overprescribing 

have led to wider availability and abuse of prescription opioids and a resulting increase in 

heroin use (Kolodny et al., 2015; Novak et al., 2016; Paulozzi, 2012). Drug consumption is 

also influenced by the availability of different substances, drug exposure opportunities, and 

geographical residence (Anthony, 2012; CDC, 2017).

A limitation of the analyses is that they are based on retrospectively reported onset ages. 

Despite recall bias, analyses of sequential order depend on relative ages, which may be less 

prone to error than exact onset ages. We compared rates of self-reported lifetime use across 

the five drugs among the same Baby Boomer birth cohorts in 2013–14, at ages 50–65, and 

2002–03, at ages 35–49. Recalled rates of drug initiation were very similar. Most 

importantly, the order between marijuana, NMPO, cocaine, and heroin were the same at both 

periods; percentages following specific pathways among marijuana users were also similar, 

although slightly lower in 2013–14 than in 2002–03 (Supplementary Table 6).

The generations concept is useful for summarizing broad differences across birth cohorts, 

although the delineation of boundaries between generations is imprecise. Such boundaries 

imply that generations are homogeneous. However, a linear trend among sequences within 

cohorts, which could test for homogeneity, could not be estimated because single birth 

cohorts cannot be identified due to age aggregation in the NSDUH public use data. 

Furthermore, we analyze and describe generations in the population at the same point in 

time and recognize that the different generations cover different ranges of the lifespan. 

While older generations have had longer periods of time in which to start experimenting 

with different drugs, only a small proportion of Generation X and Baby Boomers report 

initiating new drugs after age 34, the upper age of the Millennials. Hence, differences in 

prevalence between generations are not substantially driven by different lifespans, but 
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instead by different exposures during periods of risk for drug initiation in adolescence and 

young adulthood.

The present findings add to the debate regarding the appropriateness of the Gateway and 

Common Liability perspectives regarding developmental pathways of involvement in drugs. 

We implemented a novel method that simulated drug initiation sequences that would occur 

by chance simply based on correlations between drugs, the common liability, and overall 

ages of onset without specific information about ordered relationships between drugs. A 

significant sequence from this method implies that it occurs more (or less) often than 

expected under the Common Liability Model and therefore reflects a gateway effect. Drugs 

at a lower stage increase the risk of using drugs at a higher stage. However, rather than being 

viewed as two opposed explanations of drug behaviors, the Gateway Hypothesis and 

Common Liability Model complement each other. The Common Liability Model explains 

the use of drugs in general due to individual psychosocial characteristics, family context, 

social conditions, and genetic factors, while the Gateway Hypothesis, as tested here, 

describes how individuals use specific drugs in a particular sequence and how use of one 

drug increases the risk of using another drug in the sequence, taking the common liability 

into account.

The delineation of drug sequences and, specifically, the position of NMPO and cocaine in 

these sequences in different generations, highlights the points in development at onset of 

different drugs when prevention and treatment efforts would be optimal. Reducing the 

prescribing of opioids is one strategy that has been advocated for reducing harms associated 

with NMPO use and its link to heroin (Dowell et al., 2016; Kolodny et al., 2015). In addition 

to NMPO, marijuana and especially cocaine should be particular targets of clinical and 

public health interventions and policy. Without antecedent or subsequent use of cocaine, 

NMPO use does not significantly lead to heroin, especially among Millennials. The finding 

is important, as the role of cocaine in addition to NMPO in accounting for the use of heroin 

has not been considered in discussions of the relationship between NMPO and heroin use 

(Compton et al., 2016; Jones, 2013). Furthermore, use of other drugs concomitant with 

NMPO explains a significant portion of the increase in prescription opioid-related overdose 

deaths in the US over the last decade; concomitant cocaine use accounts specifically for 

increases in non-methadone synthetic opioid deaths (e.g., illicit fentanyl) (Kandel et al., 

2017). This finding parallels a recent report on the contribution of opioids, both heroin and 

non-methadone synthetic opioids, to recent increases in cocaine-related overdose deaths 

(Jones et al., 2017).

Because marijuana precedes NMPO, cocaine and heroin, it is also important for future 

research to examine how marijuana legalization in the US will impact the pathways that 

were identified.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Significant drug initiation sequencesa among five drug classesb by three generations: 

NSDUH 2013–2014, ages 18–64 (n = 73,026).
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Fig. 2. 
Rates of nonmedical prescription opioid (NMPO) or cocaine initiation next after marijuana 

among marijuana usersa in three generations and among Millennials by gender and race/

ethnicity: NSDUH 2013–2014, ages 18–64 (n = 37,459). aExcludes those who initiated 

NMPO, cocaine or heroin before marijuana (n = 1,450); includes those who initiated 

alcohol/cigarettes after marijuana. See also Supplementary Table 2.
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Fig. 3. 
Rates of heroin initiation by four patterns of nonmedical prescription opioid (NMPO) or 

cocaine initiation after marijuana among marijuana usersa in three generations and among 

Millennials by gender and race/ethnicity: NSDUH 2013–2014, ages 18–64 (n = 37,459). 
aExcludes those who initiated NMPO, cocaine or heroin before marijuana (n = 1,450); 

includes those who initiated alcohol/cigarettes after marijuana. See also Supplementary 

Table 3.
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Fig. 4. 
Significant drug initiation sequencesa among five drug classesb among Millennials by race/

ethnicityc: NSDUH 2013-14, ages 18–34 (n = 40,134).
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