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Abstract

Introduction and Aims—Patterns of polydrug use among people who inject drugs (PWID) may 

be differentially associated with overdose and unique HIV risk factors. Subgroups of PWID in 

Tijuana, Mexico, were identified based on substances used, route of administration, frequency of 

use, and co-injection indicators.

Design and Methods—Participants were PWID residing in Tijuana age ≥ 18 sampled from 

2011–2012 who reported injecting an illicit substance in the past month (N=735). Latent class 

analysis identified discrete classes of polydrug use characterised by 11 indicators of past 6 month 

substance use. Multinomial logistic regression examined class membership association with HIV 

risk behaviours, overdose and other covariates using an automated 3 step procedure in Mplus to 

account for classification error.

Results—Participants were classified into five subgroups. Two polydrug and polyroute classes 

were defined by use of multiple substances through several routes of administration and were 

primarily distinguished from each other by cocaine use (Class 1: 5%) or no cocaine use (Class 2: 

29%). The other classes consisted primarily of injectors: cocaine, methamphetamine and heroin 

injection (Class 3: 4%); methamphetamine and heroin injection (Class 4: 10%); and heroin 

injection (Class 5: 52%). Compared to the heroin only injection class, memberships in the two 

polydrug and polyroute use classes were independently associated with both HIV injection and 

sexual risk behaviours.

Discussion and Conclusions—Substance use patterns among PWID in Tijuana are highly 

heterogeneous and polydrug and polyroute users are a high-risk subgroup who may require more 

tailored prevention and treatment interventions.
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INTRODUCTION

Injection of illicit substances is a significant global public health problem associated with 

multiple negative health outcomes, including transmission of HIV, hepatitis B and C, as well 

as higher risk for overdose related morbidity and mortality [1]. Although most people who 

inject drugs (PWID) primarily inject heroin [2], PWID in the US-Mexico border region also 

inject methamphetamine and cocaine [3] and report use of these and other substances 

through smoking, snorting or ingestion routes of administration. There is growing 

recognition that substance use behaviours often involve use of multiple drugs and that 

descriptions of these patterns of use and their relationship to drug related harms warrant 

further study [2,4,5].

Assessments of variation in polydrug and polyroute use among PWID may shed further light 

on how substance use patterns are related to HIV transmission and overdose risk. While 

heroin users are at high risk for overdose because of the drug’s depressant effect on 

breathing [6, 7], mixing of opiates like heroin with stimulants like cocaine or 

methamphetamine can contribute to high risk for overdose through increased toxicity, 

decreased cognitive function, and cardiac stress [8]. The combined use of opioids and 

stimulants may also lead to higher consumption of each drug class. Although HIV risk 

among PWID is typically focused on the sharing of needles and syringes, stimulant and 

alcohol use lower inhibitions [9,10], which may increase HIV risk through unsafe sexual 

behaviours. However, less is known about how observed patterns with multiple overlapping 

risks are related to these negative health outcomes.

Latent class analysis (LCA) has been increasingly applied in recent years to examine 

patterns of substance use among both general and high risk populations [11], particularly 

among adolescents [12]. Several of these LCA studies have examined how distinct polydrug 

use classes are associated with HIV risk and overdose, finding that use of more substances 

was associated with greater risk for negative health outcomes [13–19]. However, most of 

these studies were conducted in high income countries and among adolescents, and therefore 

may not be generalisable to adults in lower and middle income countries such as Mexico.

Limited resources for health services, and high levels of social and economic inequality have 

contributed to a localised HIV epidemic in Tijuana, Baja California, Mexico [20,21]. Tijuana 

is also physically situated on a major drug trafficking route, which contributes to elevated 

rates of illicit drug use, especially among socially marginalised migrant, deportee and 

unstably housed populations.

Previous work investigating polydrug use and HIV and overdose risk among PWID in the 

US-Mexico border setting found that PWID differ with respect to which substances they 

inject or smoke and that these differences were associated with demographics, health status 

and HIV risk behaviours [22,23]. Applying latent class analysis, we previously identified 
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three classes of polydrug use (primarily heroin injection, heroin + methamphetamine use, 

heroin + methamphetamine + cocaine use) among an earlier cohort of heroin injectors 

sampled from 2006–2007 in Tijuana [3]. This prior analysis did not assess use of 

tranquilizers or marijuana, co-injection of heroin with other substances, or frequency of use. 

Since the earlier study was conducted, Mexico enacted federal drug policy reforms that 

decriminalised possession of small amounts of drugs [24], which may affect the drugs used 

by this population. The present analysis expands on this earlier work by examining a more 

contemporary cohort (assessed 2011–2012) of PWID in Tijuana and a broader range of 

substance use indicators.

The objectives of the present analysis are to: (i) identify discrete classes of polydrug use in a 

cohort of PWID using 4 dimensions of indicators (substance, route of administration, co-

injection and frequency); and (ii) determine the association of class membership with HIV 

risk behaviours and recent overdose, above background or pre-disposing individual-level 

demographic and risk environment covariates. It was hypothesised that classes characterised 

by more substances would be more likely to experience overdose than classes characterised 

by use of fewer substances; that classes with more stimulant use would be more likely to 

engage in HIV sexual risk behaviours than classes without stimulant use; and that classes 

with more frequent injection use would be more likely to engage in HIV injection risk 

behaviours than classes with less frequent injection use.

METHODS

Study Participants and Procedures

The present study sample consisted of 735 participants from the baseline assessment of 

Proyecto El Cuete Phase IV, a prospective cohort study of people who inject drugs in 

Tijuana [24]. Participants were recruited through convenience sampling using targeted street 

outreach from 2011––2012. Eligibility criteria included: (i) injecting illicit drugs within the 

past month, confirmed by track marks; (ii) age 18 or older; (iii) speaking Spanish or English; 

and (iv) current residence in Tijuana with no plans to move for 3 years. Trained interviewers 

administered quantitative surveys in English or Spanish using computer-assisted personal 

interview technology in a private room. All participants provided written informed consent 

and were reimbursed $20 USD for completing the baseline assessment. The University of 

California San Diego Human Research Protection Program and the Institutional Review 

Board for the Colegio de la Frontera Norte approved the study protocol.

Measures

Drug use indicators—Illicit drug use was assessed by asking participants about their 

frequency of use in the past 6 months for multiple drugs and routes of administration 

(dichotomised into no use vs. past 6 month use). Drugs included marijuana, heroin (both 

black tar and “china white”), methamphetamine, cocaine, OxyContin and other non-

prescription opioids, hallucinogens, ketamine, ecstasy/MDMA, PCP, inhalants, tranquilizers 

and barbiturates. Co-injection of heroin, methamphetamine and cocaine was also assessed.
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Drugs used by at least 5% of the sample were selected as drug use indicators. Due to a low 

prevalence of smoking or snorting routes of heroin and cocaine use, these non-injection 

routes of administration were combined into single indicators (i.e. heroin snorting/smoking 

and cocaine snorting/smoking). Three indicators (methamphetamine smoking, 

methamphetamine injection, and methamphetamine and heroin co-injection) had over 10% 

of the sample reporting daily use and were converted into an ordinal variable of daily use, 

less than daily use or no use in the past 6 months. (Table 2)

Primary covariates—HIV-associated injection behaviours included past 6 month 

engagement (yes/no) in receptive syringe sharing; distributive syringe sharing; and sharing 

of cookers, cotton or rinse water. HIV-associated sexual behaviours included past 6 month 

engagement (yes/no) in unprotected sex with a casual partner; having two or more casual 

partners; exchanging sex for food, money, drugs or shelter; and using drugs during or within 

two hours before having sex. Participants self-reported lifetime and past 6 month history of 

overdose (yes/no), which was defined as a time when the participant passed out due to drug 

use and could not wake or their lips turned blue. HIV testing was conducted with rapid 

Determine® HIV tests followed by a second, different rapid test for HIV-positive results. 

HIV-positive individuals were given referrals for free or reduced-cost healthcare.

Secondary covariates—Age, gender, education, deportation history from the US (yes/

no), and lifetime residence in Tijuana (yes/no) were assessed. Participants reported their first 

illegal drug use (dichotomised into marijuana vs. other), age at first drug use, drug used at 

first injection (dichotomised into heroin vs. other), and age at first injection. Additional 

covariates included: lifetime history of ever being forced to have sex (yes/no), typical 

number of hours spent on the street, and monthly income (dichotomised into greater or less 

than $2,500 Mexican pesos/month, or about $200 USD in 2011). To assess interactions with 

their risk environment, participants reported detention or incarceration by the police in the 

past 6 months (yes/no) and in which neighbourhood they most often injected (dichotomised 

into Zona Norte/‘El Bordo’ vs. other). To determine need for harm reduction services, 

participants were asked to what degree they needed help for drug use (dichotomised into no 

need vs. some, great, or urgent need) and difficulty with obtaining sterile syringes 

(dichotomised into easy or very easy vs. hard or very hard). Lastly, participants reported 

whether they ever received methadone maintenance (yes/no).

Statistical Analysis

LCA is an exploratory person-centred nonparametric approach used to probabilistically 

determine and classify a heterogeneous population into more homogenous latent or 

unobserved subgroups, based on a set of observed indicator variables [25,26]. Compared to 

traditional approaches of assigning individuals to classes or estimating associations as part 

of the model fitting process, the three-step procedure improves efficiency and corrects for 

measurement and classification bias in determining associations between latent class 

membership and covariates. The three-step approach fixes, or constrains, the measurement 

relationship between assigned most likely class membership and latent class to account for 

classification error [27]. Below, we outline the three-step process.
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LCA Measurement Model (Step 1)—First, latent class analysis was conducted in Mplus 

version 7.0 [28] to determine latent classes of polydrug use, using 11 indicators of past 6 

month drug use (8 dichotomous indicators and 3 ordinal indicators). Models were fit with 

increasing number of classes until model fit statistics were no longer improving, using 

statistical fit indices of Akaike Information Criteria (AIC), BIC, sample size adjusted 

Bayesian Information Criteria (BIC), Lo-Mendell-Rubin adjusted Likelihood Ratio Test 

(LMRT), and descriptive fit index of entropy. The best fitting model was selected based on 

smallest AIC, BIC and sBIC; significant LMRT (P <0.05); highest entropy; classification 

quality; and substantive interpretability. Resulting conditional response probabilities 

(probability of endorsing an indicator given class membership) were used to characterise 

classes.

LCA with covariates—Logits of classification probabilities were extracted (Step 2) to 

incorporate measurement error for most likely class membership into an auxiliary model 

(Step 3) with most likely class and fixed measurement error using the automated 3 step 

approach in Mplus [27,29,30]. Resulting logit parameter estimates from univariate 

multinomial logistic regression analyses were converted into odds ratios to determine 

bivariate associations between most likely class membership and covariates, with the largest 

class as the reference group.

Multivariate model building—Covariates with P <0.25 in the bivariate analyses were 

selected for inclusion into multivariate models [31]. By starting with a bivariate screen, we 

were able to assess the overall relationships between latent classes and covariates without 

collinearity concerns, and to demonstrate differences between unadjusted and adjusted 

estimates. Blocks of covariates were entered in the model in a forward stepwise manner, 

starting with: (i) HIV risk behaviours and overdose (primary variables of interest); followed 

by (ii) background factors; and then (iii) risk environment factors. In order to present the 

most parsimonious adjusted model and avoid overfitting, covariates were selected for the 

final adjusted model if P <0.1 for any association between class membership and the given 

covariate. In order to test if eliminated HIV risk behaviours and overdose variables were 

potential confounders, they were added back into the model to see if coefficient estimates 

changed substantially (+/− 20%) and if so these variables were retained in the final model. 

Although confidence intervals for effect sizes are not reported in Mplus, we also compared 

standard errors for beta coefficients between unadjusted and adjusted models to further 

assess whether omitted covariates were potential confounders.

RESULTS

Sample characteristics

Among this sample of PWID (N=735), 38.0% were female and the median age was 37 

years. Slightly over a third (36.2%) had spent their whole lives in Tijuana, while one-fifth 

(22.7%) came to Tijuana after being deported from the United States. (Table 3)

Nearly all participants injected heroin (95.2%) and 90.0% injected heroin daily in the past 6 

months. Over half reported co-injecting heroin and methamphetamine (55.9%), with over 

one-third injecting this combination daily (38.5%). More than a quarter (28.4%) injected 
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methamphetamine alone, with 13.1% reporting daily injection. Two-fifths (41.4%) reported 

methamphetamine smoking, with 16.1% smoking daily. Nearly a third of participants 

smoked marijuana (31.6%), and although use of prescription opiates and hallucinogens was 

quite low (<5%), one in five (19.5%) ingested tranquillizers.

The majority of participants engaged in at least one HIV injection risk behaviour (66.9–

72.2%) and over one-third engaged in at least one HIV sexual risk behaviour (31.1–77.4%) 

in the past 6 months. HIV prevalence was 3.5%. Over half the participants reported a history 

of overdose (54.6%), with 10.1% reporting an overdose in the past 6 months.

Determining number of latent classes

After comparing the fit indices across models, the 5 class solution was selected given a 

significant LMRT, highest entropy, low AIC and sBIC, classification quality, class size, and 

spread of conditional response probabilities relative to models with 4, 6, and 7 class 

solutions. (Table 1)

Class descriptions

Class 1 (polydrug and polyroute + cocaine; 5% of sample). Participants in this class had the 

highest probabilities of non-injection use of heroin, methamphetamine, marijuana, 

tranquilizer, and cocaine use as well as high probabilities of injection and co-injection drug 

use. (Table 2, Figure 1)

Class 2 (polydrug and polyroute; 29% of sample). In addition to high probabilities of 

methamphetamine and heroin injection, participants in this class had moderate to high 

probabilities of non-injection use of other substances, but in contrast to class 1, had much 

lower probabilities of any cocaine use. These two classes used multiple substances and 

routes of administration and had higher probabilities of less than daily use.

Class 3 (stimulant and heroin injection; 4% of sample) had high probabilities of injection, 

particularly heroin injection, heroin and cocaine co-injection, and daily heroin and 

methamphetamine co-injection. This class and the other two classes were characterised 

mainly by injection drug use, and were different from each other in the type of substances 

injected.

Class 4 (methamphetamine and heroin injection, 10% of sample) also had high probabilities 

of daily injection, but differed from class 3 in that they did not use cocaine.

Class 5 (predominantly heroin injection; 52% of sample) comprised the largest class and 

was characterised primarily by a high probability of injecting heroin.

Latent class analysis with covariates

In both bivariate and multivariate analyses, membership in the polydrug and polyroute using 

classes (classes 1 and 2) was significantly associated with HIV risk behaviours. In bivariate 

analyses (Table 3) compared to the predominantly heroin injection class (class 5), 

membership in classes 1 and 2 was significantly and positively associated with all injection 

and sexual risk behaviours. Membership in class 1 (polydrug and polyroute + cocaine) was 
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significantly associated with having an overdose in the past 6 months, but only at the 

bivariate level. There were no significantly differences between classes 4 (heroin and 

methamphetamine injectors) and 5 with respect to HIV risk behaviours or overdose.

In the final multivariate model (Table 4), compared to heroin injecting (class 5), membership 

in the polydrug and polyroute classes (i.e. classes 1 and 2) was again independently 

associated with the following HIV risk behaviours and sexual history: sharing cookers, 

cotton or rinse water (class 1 adjusted odds ratio (AOR) = 7.22, class 2 AOR = 4.35), using 

drugs before or during sex (class 1 AOR = 7.31, class 2 AOR = 3.55), and ever experiencing 

forced sex (class 1 AOR = 3.70, class 2 AOR = 3.10). Additionally, higher income was 

independently associated with being in the polydrug and polyroute class (class 2). Injecting 

a drug other than heroin at first injection was independently associated with membership in 

the stimulant and heroin injection class (class 3).

DISCUSSION

This latent class analysis of drug use among PWID in Tijuana identified five classes of 

polydrug use that captured four dimensions of use: type of substance, route of 

administration, co-injection and frequency of use. The five classes were: polydrug and 

polyroute + cocaine use, polydrug and polyroute use, stimulant and heroin injection, 

methamphetamine and heroin injection, and heroin injection. Compared to the heroin 

injecting class, the two polydrug and polyroute classes (1 and 2) characterised by use of 

multiple substances and route of administration were more likely to report HIV risk 

behaviours. These polydrug and polyroute classes were both independently associated with 

sharing cookers, cotton, or rinse water and using drugs before or during sex. Findings are 

partially consistent with hypotheses that PWID using more substances, especially 

stimulants, would have higher HIV risk compared to heroin injectors (class 5). However, it 

was the polydrug and polyroute users in particular that had elevated HIV infection and 

sexual risk relative to heroin injectors (class 5).

Findings are largely consistent with existing literature from other settings, which 

demonstrated that polydrug using classes were more likely to report needle sharing [13] and 

overdose risk [15] when compared to mainly heroin or opiate using classes. Two studies of 

opioid users in treatment found that polydrug users [32] and illicit opioid users [33] were at 

higher risk for HIV than non-polydrug users.

Latent class analyses of polydrug use have also been associated with the HIV sexual risk 

behaviours examined in this study. In particular, classes with stimulant smoking were more 

likely to report inconsistent condom use [34], transactional sex [14], and sexual risk-taking 

[18,19]. Similarly, studies of drug use among men who have sex with men in the United 

States and Malaysia [35–38] also found that polydrug using classes were more likely to 

report unsafe sexual behaviours in comparison to low or single substance use classes. In our 

prior analysis with an earlier cohort of PWID in Tijuana, we found that a small class (6%) 

defined by use of heroin, methamphetamine, and cocaine exhibited higher-risk sexual 

practices.
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Findings from this study add to the preceding literature by further demonstrating 

heterogeneity of drug use patterns in this population defined by its low resource setting and 

route of administration (i.e. injection) and replicating earlier findings that use of multiple 

substances through multiple routes is independently associated with elevated HIV risk. 

Polyroute users in particular might be in multiple drug using networks with non-injection 

drug users and therefore may act as a “bridge population” by introducing HIV to these other 

networks through unprotected sex or injection initiation. The sharing of injection equipment 

among the polydrug and polyroute users may be part of a “moral economy of sharing” [39], 

in which PWID share any available resources of drugs or injection equipment (in addition to 

food or shelter) to establish and maintain social and economic ties.

The strong association between history of forced sex and polydrug and polyroute use in this 

study may be indicative of drug use as a trauma coping mechanism. Polydrug and polyroute 

users may have specific needs that make them more susceptible to both more heterogeneous 

drug use and high risk behaviour [17,40], as well as have unique difficulties in opiate 

substitution therapy and other treatment retention. Research to determine those needs will 

help with designing interventions with the most likelihood of reducing their risk.

Most previous latent class analyses of polydrug use have used only a small number of binary 

indicators with at least 15–20% overall prevalence. For future latent class analyses, these 

findings demonstrate the feasibility of using indicators with less than 15% prevalence, 

ordinal indicators [12], and a large number of indicators [41].

The primary limitation of this study is that all substance use was self-reported, though 

several studies have demonstrated the general validity of self-report [42] and, to be eligible 

for this study, participants were already admitted illicit drug users. Second, the definition 

provided to participants about overdose is more descriptive of opioid related overdose and 

thus may have missed cases of stimulant related overdose thus resulting in small sample 

sizes and less power to detect independently significant odds of overdose for polydrug and 

polyroute + cocaine users. Third, given the cross-sectional nature of the data, associations 

are not causal. Fourth, although listwise deletion removed several cases in multivariable 

regression analyses, covariates were missing data for only 2–4 participants. Less than 5% of 

the sample was excluded from analysis due to missing data, which likely had an 

inconsequential effect on the regression estimates [43]. Another limitation is that confidence 

intervals are not provided by Mplus for this type of analysis. Lastly, quantity of substances 

consumed and concurrent alcohol use may also inform polydrug use profiles, however these 

factors were not assessed and neither was the presence of mental health comorbidities or 

severity of addiction.

Conclusions and Future Research

Findings from this analysis highlight the heterogeneity in substance use patterns among 

PWID in Tijuana and demonstrate that polydrug and polyroute users are a high-risk 

subgroup. To reduce HIV and overdose risk in resource limited settings, resources need to be 

targeted towards polydrug and polyroute users, and interventions should be focused on the 

motivations and rationales for using multiple substances and multiple routes of 
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administration as distinct from those who only inject or, more specifically, only inject 

heroin. To address the historic underreporting of polydrug use among PWID, epidemiologic 

and treatment studies should assess and report substances used as well as non-injection 

substance use.
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Figure 1. Conditional response probabilities of 11 substance use indicators (N = 735 PWID in 
Tijuana)
Class 1: Polydrug and polyroute + cocaine, Class 2: Polydrug and polyroute, Class 3: 

Stimulant and heroin injecting, Class 4: Methamphetamine and heroin injecting, Class 5: 

Heroin injecting. PWID, people who inject drugs.
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Table 1

Fit statistics for latent class models fit to 2–7 classes (N = 735 PWID in Tijuana)

Classes AIC BIC sBIC LMRT Entropy

2 7970.809 8104.205 8012.12 <.0001 0.732

3 7818.46 8020.855 7881.14 <.0001 0.792

4 7715.792 7987.184 7799.839 0.0074 0.786

5 7656.911 7997.302 7762.327 0.0089 0.851

6 7613.863 8023.251 7740.646 0.3231 0.833

7 7603.749 8082.135 7751.9 0.9622 0.825

AIC, Akaike Information Criteria; BIC, Bayesian Information Criteria; sBIC, sample size adjusted Bayesian Information Criteria; LMRT, Lo-
Mendell-Rubin adjusted Likelihood Ratio Test P-value; PWID, people who inject drugs. Bold = Ideal number of classes given fit statistic. 5-class 
model selected for further analyses
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