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ABSTRACT

BACkgROUnD: The United States’ (US) opioid overdose epidemic has evolved into a combined stimulant/opioid epidemic, a pattern driven 
in part by mitigating opioid overdose risk, variable substance availability, and personal preferences. This study aimed to investigate the 
association between self-reported substance preference (heroin or methamphetamine) and behavioral/health outcomes among individuals 
who used both heroin and methamphetamine in the rural US.

MeTHODS: The Rural Opioid Initiative is a consortium of 8 research cohorts from 10 states and 65 rural counties that recruited individuals 
reporting past 30-day injection of any substance or opioid substance use by any route from 1/2018 to 3/2020. Analyses were restricted to 
participants ⩾18 years, who self-reported either heroin or methamphetamine as their preferred substance and past 30-day use of both her-
oin and methamphetamine. We examined cross-sectional associations between preferred substance (heroin versus methamphetamine) and 
behavioral and health outcomes using random effects meta-analysis with adjusted regression models.

ReSUlTS: Among 1239 participants, 61% (n = 752) reported heroin as their preferred substance. Adjusting for age, sex, and race/ethnicity, 
methamphetamine preference was associated with lower prevalence ratios for current naloxone possession (adjusted prevalence ratio 
[aPR] = 0.68; 95% Confidence Interval [95% CI] = 0.59-0.78; P-value ⩽ .001), of ever being told they had the hepatitis C virus (HCV; aPR = 0.72; 
95% CI: 0.61-0.85; P-value ⩽ .001) and a personal history of overdose (aPR = 0.81; 95% CI = 0.73-0.90; P-value ⩽ .001).

COnClUSiOn: In our study analyzing associations between preferred substance and various behavioral and health outcomes amongst 
people who use both heroin and methamphetamine, a majority of participants preferred heroin. Methamphetamine preference was associ-
ated with lower prevalence of naloxone possession, ever being told they had HCV, and prior history of an overdose. This study underscores 
the need for targeted harm reduction services for people who prefer methamphetamine in rural areas.
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Introduction
Data suggest the US has entered the fourth wave of the opioid 
overdose epidemic: a combined stimulant/opioid epidemic,1-3 
with a notable increase in methamphetamine use among peo-
ple who use opioids in rural communities.4-9 Polysubstance 
use, the practice of taking 2 or more classes of substances 
together or within a short time period, is common among peo-
ple who use drugs (PWUD) and a driving factor of overdose 
deaths.10-13 Motivations for the concurrent or sequential use  
of stimulants with opioids have been reported by some as a 
strategy to mitigate opioid overdose risk or to reduce opioid 
withdrawal symptoms.14-17 Additional motivations include 
preferences for the simultaneous effects of both substances 
and increased availability and affordability of methampheta-
mine in local communities.7,15,18,19 In addition, some people 
who use methamphetamine are unintentionally exposed to 
opioids, and especially fentanyl, putting them at elevated risk 
for overdose because they are opioid naïve.20

In the US, there are high rates of opioid/methamphetamine 
polysubstance use in rural communities.7,9,21,22 Polysubstance 
use, especially in the form of opioid/stimulant polysubstance 
use, is an important contributor to negative outcomes such as 
overdoses among PWUD in rural areas.10,13,23 Some PWUD 
have previously reported incorporating stimulants with their 
opioid use as a perceived way to reduce their risk of an over-
dose; however, evidence shows that the opposite is actually 
true—use of stimulants and opioids together increases the risk 
of an overdose.23 From 2015 to 2021 there was a 7.5-fold 
increase in overdose deaths in the US.24,25 Nearly half of all 
fatal overdoses in the US in 2019 involved 2 or more substances 
and approximately one-third of fatal overdoses involved opi-
oids and stimulants.26 In the US, PWUD in rural communities 
experience high rates of fatal overdoses, 26.2 substance over-
dose fatalities per 100 000 standard population in 2020, and 
these rates have been steadily increasing.3,27,28 Substance avail-
ability and frequency of adulteration/contamination of sub-
stances with fentanyl, may leave rural communities at higher 
risk of overdose.1,29,30

Combined stimulant/opioid use likely drive other poor 
outcomes among PWUD in rural areas.31 For example, among 
people who use opioids in the rural US, methamphetamine 
use has been negatively associated with past 30-day metha-
done treatment and retention of methadone treatment.32 
Understanding the unique outcomes of polysubstance use and 
what factors drive these outcomes, particularly among indi-
viduals who use both opioids and methamphetamine in rural 
communities, is essential for targeting interventions and harm 
reduction strategies.

PWUD differ in their preferences for opioids and stimu-
lants. Individuals’ preferred substance is associated with various 
demographic characteristics, but has not been well studied with 
respect to behavioral and health outcomes.33 While the adverse 

outcomes of opioid and stimulant polysubstance use are well 
documented, little is known on the unique outcomes associated 
with preferred substance among individuals that use both  
opioids and stimulants in rural US communities.5,23,34-36 
Understanding an individual’s substance preference may assist 
health care providers and addiction treatment professionals to 
understand underlying behaviors and level of risks to appropri-
ately tailor interventions or prioritize efforts when resources 
are limited. We analyzed high-risk behaviors and health out-
comes among PWUD who used both heroin and metham-
phetamine from rural regions across the U.S. in relation to their 
stated preferred substance. We hypothesized that risk behav-
iors and health outcomes vary based on preferred substance 
(heroin or methamphetamine) among individuals who used 
both in the past 30 days.

Methods
Study design

This analysis utilized cross-sectional, multi-research cohort 
data from the Rural Opioid Initiative (ROI). In brief, the ROI 
is a biphasic, multi-agency funded cooperative agreement with 
the goal of better understanding and addressing the opioid 
epidemic in rural settings within the US. The ROI includes 8 
research cohorts spanning 10 states (Illinois, Kentucky, New 
England [Massachusetts, New Hampshire, and Vermont], 
North Carolina, Ohio, Oregon, West Virginia, and Wisconsin) 
and 65 US counties.1 Individuals were recruited into the ROI 
from January 2018 to March 2020, and were eligible for inclu-
sion if they self-reported past 30-day injection of any sub-
stance “to get high” or past 30-day use of opioids (e.g. heroin, 
fentanyl, pharmaceutical pain medication, etc.) by any route 
“to get high.”

Study participants

Eligibility criteria included a minimum age (⩾18 for 6 of 8 
studies and ⩾15 for 2 studies) and residence in one of the 65 
participating rural counties. All studies obtained local institu-
tional review board approval for research activities and data 
sharing within the ROI. All participants provided written con-
sent prior to questionnaire administration. This analysis was 
restricted to participants ⩾18 years. Analyses were restricted to 
participants who (1) reported either heroin or methampheta-
mine as their preferred substance, and (2) reported using both 
heroin and methamphetamine in the 30 days prior to enroll-
ment. These restrictions allow us to control for confounding by 
substance use patterns and is intended to ensure that compari-
sons are being made among people who have equivalent pat-
terns of substance use. This will allow us to focus on the 
differences among substance preferences and not substance use 
consequences as all participants are using the same 2 substances 
(but express preference for one or the other).
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Study procedures

Participants were recruited using respondent-driven sampling 
(RDS).37 Each research cohort recruited seeds to initiate peer 
recruitment from syringe service programs, local health 
departments, community health centers, and other agencies or 
community outreach programs. Seeds were provided coupons 
to recruit peers, and financial incentives were offered for 
recruitment ($10-$20 per eligible peer) and to participate in 
the study ($40-$60). Standardized surveys were administered 
to participants through audio computer-assisted self-inter-
views (A-CASI), computer-assisted personal interviews 
(CAPI), or computer-assisted self-interviews (CASI).38-40 
The survey included questions on demographic characteristic, 
substance use practices and related risks, engagement with 
harm reduction services, access to and utilization of health 
care, including treatment for substance use disorder, and sex-
ual behaviors, amongst others.

Measures

Participants were asked “currently, which is your drug of choice 
for getting high,” and allowed to select one substance on the 
assessment from the following list of substance options: heroin, 
street fentanyl or carfentanil powder, opiate painkillers, syn-
thetic opioids, buprenorphine, methadone, prescription anxiety 
drugs, cocaine or crack, methamphetamine, crystal meth, or 
amphetamine, gabapentin, clonidine, and other. Heroin and 
methamphetamine were selected for comparison as they were 
the most frequently preferred and used substances among ROI 
participants.1 The primary exposure of interest in this analysis 
was preference for heroin versus methamphetamine “for get-
ting high,” among PWUD who reported both heroin and 
methamphetamine use in the past 30 days.

To understand differences between heroin or methamphet-
amine as the preferred substance, we evaluated outcomes in 4 
domains: (1) past 30-day use of other, additional substances 
(fentanyl, opioid pain medication, buprenorphine, methadone, 
benzodiazepines, cocaine/crack, gabapentin, and clonidine “to 
get high”), simultaneous injection of an opioid and a stimulant, 
and heavy episodic drinking (defined as having 4 drinks 
(females)/5 drinks (males) or more in a day); (2) health out-
come-related ( possession of naloxone, self-reported previous 
testing for the hepatitis-C virus [HCV], ever been told they 
had the HCV, and personal history of overdose); (3) past 
30-day injection drug use (IDU) and syringe/paraphernalia 
behaviors (current IDU, frequency of IDU, use of a syringe or 
needle previously used by someone else, use of supplies [e.g. 
cottons, cookers, spoons, or water] previously used by someone 
else, syringe mediated drug sharing [i.e. injecting substances 
that somebody else prepared, mixed, or divided with a used 
syringe], and use of multiple injections per injection episode 
[MIPIE]); and (4) past 30-day sexual behaviors and risk fac-
tors (traded sex for substances, money, housing, or other needs, 

sex without a condom, and sex with someone who injects sub-
stances without a condom).

Statistical analyses

Descriptive statistics were calculated to describe demographic 
characteristics of participants that used both heroin and meth-
amphetamine in the past 30 days by their preferred substance 
(heroin or methamphetamine). We also estimated the preva-
lence ratios for preferred substance and the outcomes of  
interest by research cohort using multivariable relative risk 
regression with robust standard errors using the Huber-White 
estimator.41 Pooled effects across research cohorts were calcu-
lated using traditional random-effects meta-analysis to 
account for the heterogeneity between populations across 
research cohorts.42 Meta-analytic approaches have proven 
themselves useful as a statistical method to combine and sum-
marize results from multiple independent studies within a 
larger consortium with similar research aims.43,44 Multivariable 
models were adjusted for age, sex, race/ethnicity. A sensitivity 
analysis replicating the methods utilized for the multivariable 
models in the main analysis was performed to estimate preva-
lence ratios using multivariable relative-risk regression 
restricted to participants who reported past 30-day IDU.

Results
Of the original 3048 participants who participated in the ROI 
consortium, 832 were excluded because they reported a sub-
stance other than heroin or methamphetamine as their pre-
ferred substance, 975 were excluded because they did not report 
both heroin and methamphetamine use in the past 30 days, and 
2 were excluded because they were less than 18 years old. The 
final analytical dataset included data from 1239 individuals 
(Figure 1).

Overall, 41% of participants were female, the average age 
was 34.4 years (standard deviation [SD]: 9.3; Table 1). A major-
ity of participants were non-Hispanic white (82%) and had 
experienced homelessness in the past 6 months (58%). A 
majority of participants reported heroin as their preferred sub-
stance (61% (n = 752)). Demographic and social factors, other 
than geographic region, did not differ by preferred substance.

Other substances used in the past 30 days was common 
and differed by participants’ heroin or methamphetamine 
preference (Table 2). Participants who reported heroin pref-
erence had nearly double the prevalence of self-reported past 
30-day fentanyl use, compared to participants who reported 
methamphetamine preference, 60% and 35%, respectively. 
Individuals reporting heroin preference had a higher per-
centage of using other sedating drugs, such as gabapentin 
and clonidine in the past 30 days. Individuals reporting 
methamphetamine preference, compared to heroin prefer-
ence, more frequently reported heavy episodic drinking in 
the past 30 days, (57% and 47%, respectively). Fewer partici-
pants who reported methamphetamine preference reported 
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currently possessing naloxone (34% versus 53% in the heroin 
preference group).

In adjusted models, methamphetamine preference was asso-
ciated with a lower prevalence ratio of past 30-day fentanyl use, 
opioid pain medication use, methadone use, and cocaine/crack 
use, compared to heroin preference (Table 3). Additionally, 
methamphetamine preference was associated with a 32% lower 
prevalence ratio of currently possessing naloxone (adjusted 
Prevalence ratio (aPR) = 0.68; 95% Confidence Interval [95% 

CI] = 0.59-0.78; P-value ⩽ .001). Methamphetamine prefer-
ence was also associated with 28% lower prevalence ratio of 
reporting ever being told they had the HCV (aPR = 0.72; 95% 
CI: 0.61-0.85; P-value ⩽ .001) and a 19% lower prevalence ratio 
for reporting ever experiencing an overdose (aPR = 0.81; 95% 
CI = 0.73-0.90; P-value ⩽ .001), compared to heroin preference 
participants. Methamphetamine preference was also indepen-
dently associated with a lower prevalence ratio for daily or  
more IDU frequency in the past 30 days (aPR = 0.91; 95% 

Figure 1. Flow chart depicting study participants’ eligibility in this analysis.
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Table 1. Demographic characteristics by preferred substance among rural opioid initiative participants with self-reported past 30 days use of heroin 
and methamphetamine.

PREFERRED SUBSTANCE 

 TOTAL HEROIN METHAMPHETAMINE

 N (%) N (%) N (%)

 1239 752 (61) 487 (39)

Age, mean (SD) 34.4 (9.3) 34.1 (8.9) 34.9 (9.9)

Female 503 (41) 319 (42) 184 (38)

Race/ethnicity  

 Non-Hispanic White 1011 (82) 615 (82) 396 (81)

 Non-Hispanic Black 24 (2) 14 (2) 10 (2)

 Non-Hispanic American Indian 121 (10) 71 (9) 50 (10)

 Non-Hispanic Other/Unknown 36 (3) 23 (3) 13 (3)

 Hispanica 47 (4) 29 (4) 18 (4)

Education  

 Less than high school 276 (22) 169 (22) 107 (22)

 High school or GED 600 (48) 362 (48) 238 (49)

 Some college or technical school 329 (27) 197 (26) 132 (27)

 Bachelor’s degree or graduate degree 33 (3) 23 (3) 10 (2)

Main source(s) of incomeb  

 Employed/Retiredc 495 (40) 296 (39) 199 (41)

 Assistanced 560 (45) 337 (45) 223 (46)

 Illegale 449 (36) 280 (37) 169 (35)

Experiencing homelessness, past 6 monthsf 719 (58) 430 (57) 289 (59)

Geographic region  

 Illinois 51 (4) 26 (3) 25 (5)

 Kentucky 146 (12) 84 (11) 62 (13)

 North Carolina 177 (14) 102 (14) 75 (15)

 New England 123 (10) 110 (15) 13 (3)

 Ohio 132 (11) 96 (13) 36 (7)

 Oregon 94 (8) 65 (9) 29 (6)

 Wisconsin 461 (37) 240 (32) 221 (45)

 West Virginia 55 (4) 29 (4) 26 (5)

Abbreviation: SD, standard deviation.
aRace/ethnicity are mutually exclusive categories. Hispanic includes everyone who is Hispanic. White, Black, American Indian, and Other/Unknown race include those 
who are White, Black, American Indian, or Other/Unknown race and not Hispanic.
bDoes not add up to 100% because participants could select more than one option.
c“Full-time work (40 hour/week),” “Part-time work,” and/or “Retirement check.”
d“Public assistance check – like TANF (Temporary Assistance for Needy Families), AFDC (Aid to Families with Dependent Children), etc., ” “Disability check, like SSI 
(Supplemental Security Income), military, or other,” and/or “Someone supports me.”
e“Selling drugs,” “Selling sex,” and/or “Theft, shoplifting, or stealing.”
fDefined as living from place-to-place, “couch-surfing,” on the street, in a car, park, abandoned building, squat, or shelter.
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Table 2. Bivariate associations by preferred substance and outcomes of interest among of Rural Opioid Initiative participants with self-reported past 
30 days use of heroin and methamphetamine (N = 1239).

PREFERRED SUBSTANCE 

 HEROIN METHAMPHETAMINE

 N (%) N (%) P-VALUE

 752 (61) 487 (39)  

Substance Use Behaviors, past 30 d  

Fentanyl 450 (60) 171 (35) <.001

 Number of days used, mean (SD) 8.6 (10.6) 2.8 (5.8) <.001

Opioid Pain Medication 527 (70) 304 (62) .01

 Number of days used, mean (SD) 6.5 (8.3) 4.7 (6.6) <.001

Buprenorphinea 379 (50) 230 (47) .2

 Number of days used, mean (SD) 4.5 (7.7) 4.9 (8.7) .4

Methadonea 249 (33) 114 (23) <.001

 Number of days used, mean (SD) 2.9 (6.9) 1.9 (5.8) .01

Prescription anxiety medications 440 (59) 261 (54) .09

 Number of days used, mean (SD) 4.8 (7.3) 3.6 (6.1) .002

Cocaine/crack 391 (52) 203 (42) .001

 Number of days used, mean (SD) 4.7 (7.9) 2.5 (5.3) <.001

Gabapentin or Neurontin 307 (41) 158 (32) .004

 Number of days used, mean (SD) 3.7 (7.6) 2.6 (5.9) .006

Clonidine 122 (16) 55 (11) .02

 Number of days used, mean (SD) 1.3 (4.7) 0.64 (2.6) .006

Simultaneous injection of an opioid and a stimulant (e.g. speedball)b 462 (66) 267 (59) .3

 Number of days injected, mean (SD) 9.4 (10.2) 6.6 (8.8) <.001

Heavy episodic drinkingc 353 (47) 277 (57) .001

 Number of days used, mean (SD) 4.4 (7.9) 5.6 (8.6) .01

Health Outcomes  

Current possession of naloxone 395 (53) 164 (34) <.001

Previous testing for HCV 541 (72) 301 (62) .003

Ever tested positive for HCVd 303 (62) 124 (45) <.001

Personal history of overdose 486 (65) 249 (51) <.001

 Number of times overdosed 3.8 (11.0) 2.8 (11.2) .1

Injection Drug Use Behaviors, past 30 d  

Current injection drug use 702 (93) 450 (92) .5

Daily or more injection drug use frequencyb 566 (75) 332 (68) .008

 (Continued)
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PREFERRED SUBSTANCE 

 HEROIN METHAMPHETAMINE

 N (%) N (%) P-VALUE

 752 (61) 487 (39)  

Used syringe/needle that was used by someone elsesb 334 (48) 183 (41) .08

 Number of days, mean (SD) 5.9 (16.0) 6.5 (23.9) .6

Used supplies that was used by someone elseb 422 (60) 207 (46) <.001

 Number of days, mean (SD) 10.2 (17.6) 10.3 (24.7) .9

Practiced syringe mediated drug sharingb 391 (56) 221 (49) .1

 Number of days, mean (SD) 8.9 (18.5) 8.6 (18.5) .8

Practiced multiple injection per injection episodeb 567 (81) 292 (65) <.001

 Number of days, mean (SD) 17.7 (30.6) 13.4 (27.6) .02

Sexual Behaviors, past 30 d  

Traded sex for drugs, money, housing, etc. 64 (9) 45 (9) .3

 Number of days, mean (SD) 2.4 (37.6) 0.8 (5.1) .4

Sex without a condom 372 (49) 210 (43) .9

 Number of days, mean (SD) 9.3 (15.7) 10.8 (17.9) .2

Sex with someone who injected drugs without a condome 21 (47) 12 (57) .5

 Number of days, mean (SD) 0.5 (0.5) 1.8 (5.4) .1

Abbreviations: HCV, Hepatitis-C virus; SD, standard deviation.
aBuprenorphine and/or methadone used “to get high.”
bAmong participants reporting injection drug use in the past 30 days.
cDefined as having 4 drinks (females)/5 drinks (males) or more in a day.
dAmong participants reporting previously ever been tested for HCV and received their test results.
eAmong participants reporting having condomless sex in the past 30 days.

 (Continued)

Table 2. (Continued)

Table 3. Multivariable prevalence ratio regression associations by preferred substance and outcomes of interest, adjusting for age, sex, and race/
ethnicity among participants in the Rural Opioids Initiative who used both heroin and methamphetamine in the past 30 days (N = 1239; Reference: 
Heroin as preferred substance).

N PR 95%CI P VALUE I2

Substance Use Behaviors, past 30 d  

Fentanyl 1183 0.71 0.63-0.79 <.001 12%

Opioid Pain Medication 1224 0.87 0.81-0.94 <.001 0%

Buprenorphinea 1139 0.98 0.88-1.09 .7 49%

Methadonea 1211 0.70 0.57-0.85 <.001 0%

Benzodiazepines 1231 0.95 0.86-1.05 .3 3%

Cocaine/crack 1223 0.84 0.75-0.96 .01 28%

Gabapentin 1230 0.93 0.80-1.09 .4 42%

Clonidine 1198 0.79 0.57-1.11 .2 22%

Simultaneous injection of an opioid and a stimulant (e.g. speedball)b 1025 0.93 0.85-1.00 .06 44%
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CI = 0.85-0.97; P-value ⩽ .01), past 30-day use of supplies used 
by someone else (aPR = 0.88; 95% CI = 0.79-0.98; P-value ⩽ .02) 
and past 30-day practice of multiple injections per injection epi-
sode (MIPIE; aPR = 0.87; 95% CI = 0.81-0.93; P-value ⩽ .001), 
compared to heroin preference. There were no associations 
between preferred substance and sexual risk behaviors in the 
past 30 days.

The sensitivity analysis we performed that was restricted to 
participants who reported past 30-day IDU demonstrated 
slightly attenuated associations between preferred substance 
and outcomes of interest, however results did not significantly 
change compared to the main analysis (Supplemental Table 1).

Discussion
This study demonstrates how identification of an individual’s 
preferred substance might be a way to understand health risks 
and vulnerabilities among people that use both heroin and 
methamphetamine in rural communities. Our findings suggest 
methamphetamine preference is associated with various sub-
stance use behaviors, health outcomes, and IDU behaviors, 
including lower possession of naloxone, a lower prevalence of 
HCV, and a lesser likelihood of a prior overdose.

Methamphetamine preference was associated with lower 
prevalence ratios of fentanyl, opioid pain medication, and 
methadone use in the past 30 days. However, methampheta-
mine preference was associated with a lower prevalence ratio of 
past 30-day cocaine/crack use. One possible explanation for 
this finding could be substance supplies in participants’ areas. 
This result calls for further investigation to understand why 
within our study population, people who prefer methampheta-
mine are less likely to have used cocaine/crack in the past 
30 days, despite both substances being a stimulant.

Our findings also showed that preferred substance was 
associated with having ever been told they had HCV. Among 
health outcomes, methamphetamine preference was associ-
ated with a 28% lower prevalence ratio of ever being told they 
had the HCV and a 19% lower prevalence ratio of a personal 
history of an overdose. Since, in the adjusted model, there was 
no significant association between preferred substance and 
previous testing for HCV, these findings may be a result of 
substance use severity. In our study, those reporting metham-
phetamine preference had a lower prevalence of daily or more 
IDU in the past 30 days, compared to heroin preference (68% 
versus 75%, respectively). IDU and daily IDU are associated 

N PR 95%CI P VALUE I2

Heavy Episodic Drinkingc 1224 1.09 0.98-1.21 .11 65%

Health Outcomes  

Current possession of naloxone 1229 0.68 0.59-0.78 <.001 45%

Previous testing for HCV 1094 0.94 0.88-1.01 .07 27%

Ever tested positive for HCVd 1187 0.72 0.61-0.85 <.001 49%

Personal history of overdose 1212 0.81 0.73-0.90 <.001 0%

Injection Drug Use Behaviors, past 30 d  

Current injection drug use 1239 1.00 0.99-1.01 .58 39%

Daily or more injection drug use frequency, past 30 daysb 1147 0.91 0.85-0.97 .01 40%

Used syringe/needle that was used by someone elsesb 1089 0.99 0.87-1.13 .88 61%

Used supplies that was used by someone elseb 1084 0.88 0.79-0.98 .02 36%

Practiced syringe mediated drug sharingb 1090 0.93 0.83-1.03 .17 8%

Practiced multiple injection per injection episodeb 1085 0.87 0.81-0.93 <.001 54%

Sexual Risk Behaviors, past 30 d  

Traded sex for drugs, money, housing, etc. 913 1.35 0.92-1.99 .13 0%

Sex without a condom 894 0.97 0.88-1.07 .56 0%

Sex with someone who injected drugs without a condome 576 1.06 0.96-1.17 .22 0%

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; PR, prevalence ratio.
aBuprenorphine and/or methadone used “to get high.”
bAmong participants reporting injection drug use in the past 30 days.
cDefined as having 4 drinks (females)/5 drinks (males) or more drinks in a day.
dAmong participants reporting previously ever been tested for HCV and received their test results.
eAmong participants reporting having condomless sex in the past 30 days.

Table 3. (Continued)
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with higher risk of both HCV infection and overdose.45-48 
HCV infection is also highly correlated with injection net-
works, therefore, the different networks that emerge from sub-
stance preference and injection use may be driving the 
differences in HCV risk.49

Among our study participants, methamphetamine prefer-
ence was associated with lower prevalence ratio of currently 
possessing naloxone, compared to heroin preference. This find-
ing is important because all study participants are at-risk of 
experiencing an opioid overdose, given the affirmative self-
reported past 30-day heroin use, and potential contamination 
of the methamphetamine supply with fentanyl. Despite use of 
both heroin and methamphetamine in the past 30 days, partici-
pants that reported methamphetamine as their preferred sub-
stance had a 32% lower prevalence ratio of possessing naloxone. 
This finding is consistent with another study noting that peo-
ple who use methamphetamine reported less naloxone posses-
sion, than people who use heroin.50 The absolute rates in both 
preferred substance groups show room for improvement via 
public health interventions and education, however people who 
prefer methamphetamine and also use heroin have more than 
two-thirds of participants not reporting possession of a life-
saving intervention. The low prevalence of naloxone among all 
participants is a clear point of need for public health interven-
tion. This is especially pertinent within rural communities 
where emergency services may take an extended amount of 
time to reach an individual that is experiencing an overdose.51

Other studies have found that factors positively associated 
with naloxone possession are high-risk overdose indicators 
including: self-reported opioid use, injection as preferred sub-
stance administration method, and number of recent over-
doses.50,52 People reporting methamphetamine as the preferred 
substance may not self-identify as being at risk of an opioid 
overdose in their substance use practice, despite their past 
30-day heroin use. This theory is supported by another study 
that found that people who use cocaine were less likely to know 
how to recognize an opioid overdose and were less prepared to 
respond to an overdose, both in possessing naloxone and hav-
ing received naloxone training.53 While a vast majority of 
PWUD have heard of naloxone, there remains a gap of PWUD 
possessing naloxone, even among those who use opioids.53

ROI previously reported that the polysubstance use of opi-
oids and methamphetamine was associated with greater nonfa-
tal overdoses compared with opioid use alone in rural people 
who use drugs.34 A study using methamphetamine-related 
death data in West Virginia found that most methampheta-
mine-related deaths also involved opioids.54 While participants 
who preferred methamphetamine in our study had a lower 
prevalence ratio of having a personal history of an overdose, 
this group may be more susceptible to the consequences of the 
substances they use being contaminated with fentanyl since 
they also had a lower prevalence ratio of possessing naloxone 
and they are opioid-naïve, such that even minimal exposure to 
fentanyl can substantially increase opioid-related overdose 

risks.55 These results may signal important implications among 
people who use heroin who, despite reporting methampheta-
mine as their preferred substance, are more vulnerable to fatal 
outcomes if they experience opioid-related overdoses, due to 
their lack of naloxone possession.

Finally, methamphetamine preference was associated with a 
9% lower prevalence ratio of daily or more injection drug use 
frequency, a 12% lower prevalence ratio of past 30-day use of 
supplies that were used by someone else and a 13% lower prev-
alence ratio of past 30-day practice of MIPIE. These findings 
may also be associated with the substance use severity differ-
ence between heroin and methamphetamine as preferred sub-
stance participants mentioned earlier. MIPIE increases the risk 
of injection-related complications, including viral transmis-
sions, soft tissue bacterial infections, and acute sepsis.56-59 
Tester shots, which is where a person who injects drugs injects 
themselves with a small amount of the substance to determine 
how potent the substance is, is a form of MIPIE that has been 
a harm reduction technique utilized by people who use opioids 
to reduce the chance of overdose.59 This may explain why in 
our study methamphetamine preference is associated with 
lower prevalence ratio of practicing MIPIE, compared to her-
oin preference, since the MIPIE practice of tester shots is pre-
dominantly used during opioid administration.

Limitations

The results of this study should be interpreted in the context 
of several possible limitations. The cross-sectional study 
design precludes inference for causality and use of a power 
analysis for sample size selection. Preferred substance and our 
outcomes of interest are collected simultaneously, despite sub-
stance preference predating the outcomes. Additionally, data 
on routes of administrations, aside from IDU, were not col-
lected in ROI, precluding analyses based on alternative meth-
ods of administration, such as smoking. Given the nature of 
RDS and the limited sub-set of US states represented in this 
consortium, the ROI cohort is not a national probability sam-
ple, this may introduce sampling bias into the cohort due to 
the non-random nature of RDS. Data were self-reported, 
which may be subject to recall and social desirability biases. 
While frequency questions are commonly used in substance 
use research60-65 and well understood, the ROI specific ques-
tions were adapted as part of a rapid epidemiological assess-
ment, thus not specifically pilot tested. Despite these 
limitations, there are meaningful associations between pre-
ferred substance and behavioral and health outcomes for peo-
ple who use heroin and methamphetamine.

Conclusion
In conclusion, preferred substance was associated with different 
patterns of other substance use, IDU behaviors, non-fatal over-
dose, and HCV infection among people who use both heroin and 
methamphetamine. Most notably, methamphetamine preference, 
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compared to heroin, was associated with a lower prevalence ratio 
of ever being told they had the HCV, personal history of an over-
dose, current IDU, sharing supplies used by someone else, and 
MIPIE. Methamphetamine preference was also associated with 
lower prevalence ratio of current possession of naloxone. This 
study highlights the risk profile that emerges by individual’s sub-
stance preference and could be utilized to target harm reduction 
services. This study also emphasizes the importance of ensuring 
that naloxone distribution programs and overdose prevention 
efforts reach all individuals regardless of their preferred substance. 
Addressing barriers and knowledge gaps to naloxone possession 
amongst people whose preferred substance is methamphetamine, 
as well as preventing use of other opioids (such as fentanyl, through 
intentional fentanyl use, as well as testing substances for fentanyl 
contamination) and sedating medications (such as gabapentin) 
among individuals with preference for heroin, will be essential for 
decreasing overdose rates amongst people who use heroin and 
methamphetamine.
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