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Abstract

Objective: We assessed the association between methamphetamine use and lack of viral 

suppression among a cohort of HIV seropositive persons who inject drugs (PWID) in Hai Phong, 

Vietnam.

Design: Cohort study with random effects logit modeling and mediation analysis for ART 

adherence.

Methods: PWID were recruited from October 2016-October 2017; HIV seropositive PWID were 

enrolled in a cohort to assess HIV viral loads, changes in drug use, risk behaviors, and ART 

adherence during 24-month follow-up. Methamphetamine use in last 30 days was divided into 

three categories: 0 days (no use), 1–19 days (intermediate), and 20 or more days (heavy). Bivariate 

and a multivariable random effects logit models were used to assess the relationship between 

methamphetamine use and not being virally suppressed. We also assessed self-reported ART 

adherence as a mediating factor.

Results: A total of 645 HIV seropositive PWID were included at baseline; 95% male, average 

age 40 (SD=6.4). At baseline, methamphetamine use in last 30 days was 64% no use, 32% 

intermediate use, 4% heavy use. Approximately 74% of PWID reported high/complete adherence; 
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76% were at viral suppression. In random effects analysis, recent methamphetamine use was 

associated with not being virally suppressed during follow-up (AOR: 1.84, 95% CI: 1.06, 3.17); 

the effect was not explained by a mediating effect of self-reported adherence to ART.

Conclusions: Recent methamphetamine use is associated with not being virally suppressed 

among PWID. The results of this study indicate the need for targeted interventions for 

methamphetamine use with special focus on those with HIV infection.
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Introduction

The HIV epidemic in Hai Phong Vietnam has disproportionately affected persons who inject 

drugs (PWID). In 2005, HIV prevalence among PWID had reached 66% [1], decreasing to 

48% in 2009 [2] and further decreasing to 25% in 2014, with HIV incidence among new 

injectors approximately 1/100 person years at risk. Several notable interventions have been 

implemented to address the increased prevalence of HIV among PWID [3], including 

needle/syringe provision, opiate substitution treatment (OST), and antiretroviral therapy 

(ART) for HIV seropositive PWID which is provided free of cost to all HIV seropositive 

persons through over 300 public health clinics throughout Vietnam [4].

Methamphetamine use is associated with higher HIV viral loads [5], ART failure [6] and 

greater CD4+ and CD8+ T-cell spontaneous proliferation, activation, and exhaustion [7]. 

HIV seropositive persons using methamphetamine are more likely to exhibit different 

neurological complications compared to non-users [8], including deficits in working 

memory, learning, recall, and motor skills [9], which can interfere with adherence to ART 

[10, 11].

Methamphetamine use in Hai Phong Vietnam has increased significantly in recent years, 

from 30% among PWID in a respondent driven sampling (RDS) study conducted in 2014 to 

over 50% among PWID recruited in a RDS study conducted in 2016 [12]. Similar increases 

have been seen in other locations in Asia, including Bangkok[13]. In Hai Phong, the primary 

method of using methamphetamine is through smoking; in our initial sample of participants 

recruited in 2016, the prevalence of smoking methamphetamine was greater than 99% [14]. 

Due to the elevated levels of methamphetamine use among PWID, there is concern that 

increased use may directly impact the success of ART and lead to reduced viral suppression, 

resulting in poor health outcomes among HIV seropositive persons and to increased HIV 

transmission to HIV negative persons.

There is a lack of evidence at the population level with respect to methamphetamine use, 

ART adherence, and HIV viral loads, especially among PWID with dual methamphetamine/

heroin use disorders and in low- and middle-income countries such as Vietnam. The ongoing 

spread of methamphetamine in Hai Phong and elsewhere in southeast Asia [15] raises the 
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question of how methamphetamine use may affect the success of ART treatment and 

adherence among HIV positive PWID over time.

In this study, we use random effects modeling to assess the association between recent 

methamphetamine use, and HIV viral load among a cohort of PWID followed for 24 months 

in Hai Phong Vietnam who reported recent ART use. To account for ART adherence, we 

consider self-reported ART adherence as a possible mediator in the association between 

methamphetamine use and HIV viral load.

Methods

Participants:

Study participants were recruited in Hai Phong, Vietnam from in September 2016 and again 

in October 2017 using RDS [16]. Participants were eligible for the study if they were 

currently injecting drugs, 18 years of age, and capable of giving informed consent. Current 

injecting drug use was verified through examination of injection marks and urinalysis 

(participants had to be positive for an injectable drug--heroin and/or methamphetamine; it 

should be noted that while nearly the entire sample was injecting heroin, less than 1% 

reported injection of methamphetamine; the primary mode of methamphetamine use in Hai 

Phong is through smoking).

Each participant received counseling and testing for HIV. HIV antibody testing was 

conducted using Bioline HIV1/2 3.0 rapid test (Standard Diagnostics Inc., Gyeonggi-do, 

Republic of Korea) plus the VIKIA® HIV1/2 (Marcy l’Étoile, Lyon, France). Confirmation 

testing was conducted using Determine™ HIV-1/2 (Alere™, Waltham, MA, USA). HIV 

viral load was measured on banked blood samples at the national reference laboratory 

(NIHE, Hanoi) using the COBAS Taqman HIV-1 test v2.0 (Roche diagnostics, Hanoi, 

Vietnam). HCV serology relied on a rapid test SD BIOLINE HCV (SD standard Diagnostic 

Inc., South Korea). We restricted our analysis to PWID who were HIV seropositive, reported 

receiving ART and had self-report ART adherence scores and laboratory viral load 

measurements.

Interview and Follow-up:

After eligibility was confirmed, informed consent was obtained, and a structured 

questionnaire was administered by a trained interviewer. The questionnaire examined 

demographic factors in addition to drug and alcohol use, sexual and injection risk behaviors, 

mental health (including nervousness and anxiety) and participation in harm-reduction and 

treatment programs (all questions reported on the last six months of behavior). Each 

participant that was HIV seropositive was also asked about utilization of ART; if they 

responded that they were currently on ART, they were asked to use a visual analog scale for 

their level of adherence to ART in the last six months, from a score of 1 (lowest level of 

adherence) to 10 (highest level of adherence/complete adherence).

Viral suppression was defined as viral load of less than 1000 copies/ml (the WHO definition 

of viral suppression used by the NIHE laboratory).
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Participants who were HIV seropositive were invited to enroll in the cohort after the first 

RDS visit in the fall of 2016 (cohort entry 1), and again at the second RDS visit in fall 2017 

(cohort entry 2), for two waves of cohort entry from the RDS samples. We collected data on 

PWID who entered the cohort at baseline (during the RDS visit) and every six months after 

enrollment (information collected every six months included self-report receiving ART, self-

report ART adherence, viral load, and self-reported methamphetamine use). A participant 

was considered loss to follow-up if they were not present at the 24-month cohort visit.

Substance use and adherence scoring:

Drug and alcohol use were assessed based on self-report of use in the previous six months or 

the last thirty days for recent use. We divided the number of days using methamphetamine in 

the last 30 days into three different categories; no use, intermediate use (defined as using 1–

19 days), and heavy use (defined as 20 or more days); these categories were chosen based on 

the distribution of our data along with review of previous studies examining frequency of 

methamphetamine use [17]. We also divided adherence scores into two categories; low-

moderate adherence (defined as scores 1–8) and high/complete adherence (defined as scores 

9–10).

Statistical Analysis:

Descriptive statistics for the two cohort entry samples that entered into the cohort in 2016 

and 2017 were tabulated along with ART adherence scores and viral suppression, stratified 

by days of methamphetamine use in the last 30 days (0, 1–19 days, and 20+ days).

We used random effects logit models to assess the association between methamphetamine 

use and HIV viral load and other important demographic and drug use factors which could 

impact viral suppression, including heroin and methadone use [18]. The association of each 

potential predictor or important factor with viral load was first tested in univariate logistic 

models. All variables that were at least moderately associated with positive viral load in 

univariate models (i.e., p < 0.15) were then entered into the multivariable model and tested 

using backward elimination, following Agresti’s approach [19], until we arrived at the final 

models.

We assessed self-report ART adherence as a possible mediator of the association between 

methamphetamine use and viral suppression, using vanderWeele’s approach [20] and the 

“paramed” package in Stata [21]. Stata software version 15 was used for statistical analyses 

[22].

The study was approved by the Hai Phong Medical University and Pharmacy and New York 

University Institutional Review Boards.

Results

Demographics, Risk Behaviors, and methamphetamine use:

A total of 412 PWID were included in the baseline sample from cohort entry 1, and 233 

were included in the follow-up sample for cohort entry 2. At baseline, methamphetamine use 

in the last 30 days was as follows: 322 reported no use (64%), 164 reported intermediate use 
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(4%) (defined as 1–19 days in the last 30 days), and 21 reported heavy use (defined as 20+ 

days in the last 30 days).

The two cohorts were relatively similar with respect to baseline demographics including age 

(39.9 in cohort entry 1 vs 40.7 in cohort entry 2) and gender (93.9% male and 5.6% female 

in in cohort entry 1 vs 96.1% male and 3.9%female in in cohort entry 2). There were, 

however, noticeable differences in other variables at baseline including depression (33.3% in 

cohort entry 1 vs 23.6% in cohort entry 2, p=0.01), street methadone use (39.3% in cohort 

entry 1 vs 29.2% in cohort entry 2, p=0.01) and HCV prevalence (91.5% in cohort entry 1 vs 

80.3% in cohort entry 2, p=0.001). There were also significant differences in 

methamphetamine use by cohort entry; cohort entry 1 reported 61% no methamphetamine 

use, 33.8% intermediate use, and 5.1% heavy use compared to cohort entry 2, which 

reported 52% no methamphetamine use, 27.3% intermediate use, and 2.3% heavy use 

(p=0.042).

Approximately 16% of PWID were loss to follow-up in the study (defined as missing two or 

more follow-up visits); there were several notable differences among those lost to follow-up 

vs those included in the follow-up analysis; those loss to follow-up were more likely to be 

report greater numbers of days injecting heroin (in last 30 days), number of days smoking 

methamphetamine (in last 30 days), and not being virally suppressed. Additionally, those 

loss to follow-up were less likely to have positive urine toxicology for methadone.

ART Adherence and Viral Suppression:

The percentage of high/complete self-reported adherence scores at baseline were similar 

among the two cohorts: 79.8% for cohort entry 1 and 76.8% for cohort entry 2. Viral 

suppression at baseline was also similar: 74.5% for cohort entry 1 and 76.8% in cohort entry 

2.

Adherence scores by self-report of methamphetamine use is presented in table 2a and viral 

suppression by self-report methamphetamine use is presented in table 2b. There are 

important differences in the adherence scores when examining different levels of self-

reported methamphetamine use. For example, among cohort entry 1 PWID, those with high/

complete adherence among those with no methamphetamine use increased modestly from 

65.9% at baseline to 72.8% at 24-month follow-up, compared to a modest decrease in self-

reported high/complete adherence among those with heavy methamphetamine use, from 

4.7% to 2.8% over the same time period. For cohort entry 2, those with high/complete self-

reported adherence among those with no methamphetamine use increased modestly from 

71.9% at baseline to 73.9% at 24-month follow-up, compared to a modest decrease in self-

reported high/complete adherence among those with heavy methamphetamine use, from 

3.2% to 2.1% over the same time period.

Similar trends were noted for viral suppression. Among cohort entry 1 PWID, viral 

suppression among those with no methamphetamine use increased from 62.1% at baseline to 

74.7% at 24-month follow-up. There was a modest decrease in viral suppression among 

heavy methamphetamine users, from 4.6% to 1.3% over the same period. Among cohort 

entry 2 PWID, viral suppression among those with no methamphetamine use increased from 

FEELEMYER et al. Page 5

AIDS. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



69.4% at baseline to 72.8% at 24-month follow-up. There was no change in viral 

suppression among heavy methamphetamine users, which remained stable at approximately 

2%.

Modeling methamphetamine use and viral suppression:

In order to assess the relationship between methamphetamine use and HIV viral load, we 

used random effects logit modeling (with the three levels of methamphetamine use as an 

ordered exposure with no methamphetamine use set to the referent group), controlling for 

demographic factors, heroin injection and positive methadone in urine. Table 3 presents the 

results of the multivariable analysis. Self-reported methamphetamine was associated with 

not being virally suppressed during follow-up (AOR 1.83, 95% CI: 1.06, 3.17); additionally, 

age (AOR 0.92, 95% CI: 0.86, 0.98) and methadone use (AOR 0.29, 95% CI: 0.16, 0.53) 

were negatively associated with viral suppression. Mediation analysis showed that direct 

effect of methamphetamine use remained significant (OR (direct effect (DE)) = 1.59; 95% 

CI 1.07 – 2.36) and accounted for the greatest proportion of the total effect.

Discussion

Among HIV positive PWID, we observed a statistically significant association between 

methamphetamine use and not being virally suppressed, after controlling for important 

demographic factors and substance use; the association remained significant after including 

self-report ART adherence scores as a possible mediating factor. This is one of the first 

studies to document this association among a sample of PWID with dual heroin/

methamphetamine use in southeast Asia, and our results are consistent with and support 

results of other studies showing similar associations between methamphetamine use and not 

being virally suppressed [23].

Although there is no direct biological in vivo evidence linking methamphetamine to altered 

ART drug metabolism, and the effect in humans on HIV viral replication is still not 

completely understood, there are mechanisms that have been proposed that support the role 

of methamphetamine in interacting with and affecting ART effectiveness. Methamphetamine 

causes increased HIV replication in dendritic cells, monocyte derived macrophages [24], and 

monocyte activation [25]. As a result it may directly interact with ART, leading to lower 

effectiveness of ART medication [26]. Methamphetamine intoxication is associated with 

several negative outcomes, including failure to adhere to medication regimens, including 

ART [15].

Methamphetamine use, particularly among PWID, has recently increased in Vietnam, as 

drug use has traditionally been dominated by heroin [27]. Due to the low cost and increased 

production of methamphetamine in southeast Asia, the use of methamphetamine has 

increased significantly in the last 5–10 years, and among the PWID included in our study, 

nearly 50% had reported recent methamphetamine use, and over 70% had reported lifetime 

use of the drug.

Stimulant use presents unique challenges in that there is not a comparable treatment such as 

methadone for heroin dependence, and many users of methamphetamine suffer from mental 
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health issues including depression and psychosis [28] and may also suffer from antisocial 

behavior [29], factors that are all associated with non-adherence to ART [30].

Hai Phong has good coverage for methadone treatment for heroin users in the city; these 

programs could potentially offer harm reduction services for those with not only heroin 

addiction but those with methamphetamine use disorder as well (who may or may not be 

daily attendees of the methadone program). It should be noted, however, that there may be 

under-reporting of participation in methadone programs by PWID, and this introduces 

unique challenges in linking PWID to harm reduction and care if they do not want to be 

associated with methadone programs.

There is evidence that methadone interacts and directly affects ART [31]; while we do not 

have systematic data on methadone treatment among the PWID in our study, future studies 

should examine the interactions that exist among triply exposed participants (methadone, 

methamphetamine, and ART) and how these interactions may affect the overall effectiveness 

of ART. We did note a negative association between methadone use and viral suppression in 

our model, which is consistent with other studies finding similar protective effects of 

methadone on viral suppression among drug users and PWID in particular [32].

There are several public health implications for the results of this study. Due to the increased 

prevalence of methamphetamine use among PWID in Hai Phong and southeast Asia [15], 

tailored harm reduction programs are needed to address methamphetamine use and 

associated co-morbidities, with specific emphasis on careful management of HIV positive 

drug users with methamphetamine use disorders. It is important to continue to monitor HIV 

viral loads among those who continue to use drugs, particularly methamphetamine and other 

stimulants such as cocaine (which has also been associated with lack of viral suppression 

exclusive of ART adherence) [33], and monitor ART regimens accordingly. Education for 

drug users should focus on the implications of methamphetamine use with respect to HIV 

transmission and acquisition, particularly among high risk individuals (PWID and those with 

a history of risky sexual behavior).

Contingency management (CM) programs for methamphetamine users have been proposed 

as a way to manage and treat methamphetamine addiction, showing that those in CM 

programs were more likely to achieve methamphetamine abstinence compared to those not 

exposed to CM [34]. Several procedures have been adopted for use with methamphetamine 

use disorders including the Matrix model [35] and the 12-step facilitation group model [36]. 

Integration of CM programs with psychiatric treatment (given the high level of 

psychological comorbidity among methamphetamine users) could possibly allow for a more 

holistic treatment strategy, and likely lead to more long lasting positive results in abstinence.

A recent pilot program aimed at reducing methamphetamine use was implemented in 

methadone clinics in Hanoi, and found reduced methamphetamine and opiate use during 

follow-up. Among high risk methamphetamine users, there was a reduction in positive 

methamphetamine urine tests, from 86.9% to 10.5%; there was also a reduction in positive 

urine tests for illicit opiates, from 43.5% to 10.5%. While the results of this study are 

promising, they were limited to an eight-week time period; currently there are little to no 
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ongoing drug treatment programs in Vietnam that are directly aimed at reducing 

methamphetamine use [37]. Another option is to include methamphetamine users within a 

broader intervention framework including systems navigation and psychosocial counseling, 

as was done among a cohort of PWID Vietnam [38].

This study has limitations that should be noted. This analysis was restricted to 

approximately 645 HIV positive PWID, and although we utilized RDS to recruit a 

representative population of PWID in the city of Hai Phong for enrollment into the cohort, 

the sample recruited for our study may not be generalizable to all HIV positive PWID in Hai 

Phong. The data collected on ART adherence and methamphetamine use is based on self-

report; as there may be stigma related to reporting low ART adherence or high levels of 

methamphetamine use, there may be under-reporting of these behaviors. However, we would 

note that the increase in perfect ART adherence scores among those with no 

methamphetamine use, and decreases in perfect adherence among those with heavy 

methamphetamine use are consistent with other literature assessing methamphetamine use 

and ART adherence [39]. Finally, we did note that approximately 16% of the PWID were 

loss to follow-up in the cohort; the differences among those included vs. those loss to 

follow-up suggest that the observed results of our analyses for the association between 

methamphetamine and HIV viral load would have been even stronger (greater ORs) had we 

continued to obtain follow-up data from those who were lost to follow-up.

Conclusions

We observed that HIV positive PWID on ART with recent methamphetamine use are less 

likely to be virally suppressed compared to PWID on ART not using methamphetamine after 

controlling for self-reported ART adherence and important demographic and substance use 

factors. The results of this study indicate that broader approaches are needed to address the 

increased use of methamphetamine in Hai Phong and other locations among PWID, with 

special focus on HIV positive PWID not at viral suppression. Harm reduction programs that 

can address the dual methamphetamine/heroin epidemic are essential to reducing HIV 

transmission related harms. Integration with methadone treatment programs is one possible 

way to begin offering services in conjunction with existing treatment programs already in 

place, but challenges remain for those HIV seropositive PWID with dual heroin/

methamphetamine use disorders and with limited or no interaction with harm reduction 

services.
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