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Abstract

Background: There has been a significant increase in methamphetamine use among persons 

who use drugs in Vietnam in the last 5–10 years. We examined the degree to which adherence to 

antiretroviral therapy (ART) mediates the relationship between recent methamphetamine use and 

unsuppressed HIV viral load among people who inject drugs (PWID) in Hai Phong, Vietnam.

Methods: We recruited PWID from October 2016-October 2018 and enrolled HIV positive 

PWID into a cohort, with up to three years of total follow-up. We assessed relationships 

among recent methamphetamine use frequency, ART adherence and unsuppressed HIV viral 
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load. Mediation analysis was used to estimate the total and natural direct effects of recent 

methamphetamine use on unsuppressed HIV viral load and the indirect effect proportion.

Results: We enrolled 792 HIV seropositive PWID into the cohort; approximately 75.9% reported 

high/perfect ART adherence at baseline and 81.3% were virally suppressed. In mediation analysis, 

the total effect for the association between methamphetamine use and unsuppressed HIV viral load 

(1000 copies/mL) was 3.94 (95% CI: 1.95, 7.96); the natural direct effect was 2.14 (95% CI: 1.29, 

3.55); the proportion mediated by self-reported ART adherence was 0.444. Similar results were 

found when examining lower unsuppressed HIV viral load cutpoints of 250 copies/mL and 500 

copies/mL.

Conclusions: Methamphetamine use is associated with unsuppressed HIV viral load among 

PWID despite high levels of ART adherence. Further research is needed to better understand these 

relationships, with emphasis on potential biological pathways that may interact with ART.
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Introduction

The World Health Organization (WHO)1 lists nine interventions that are effective in 

reducing HIV transmission among persons who inject drugs (PWID); antiretroviral therapy 

(ART) is one of the four most effective.2,3 There are several benefits to ART including 

the ability to restore immune function, delay the progression to AIDS4-6 improve quality 

of life,7,8 reduce inflammation,9 and reduce HIV viral load to decrease HIV transmission 

(undetectable = untransmissible).10 In 2005, Vietnam began to distribute ART to all people 

living with HIV and by 2019, 70% of the estimated 230,000 people living with HIV/AIDS 

in Vietnam were receiving ART,11 with the aim of reducing HIV viral loads to undetectable 

levels.

Vietnam has seen a significant increase in methamphetamine use among PWID; by 2016, 

over 70% had reported using the drug, with nearly 50% using in the last six months; this 

increased use has been associated with increased sexual risk behaviors12,13 and reduced 

ART adherence.14

There have been several studies examining associations between the use of psychostimulants 

such as methamphetamine and ART adherence, but there is a lack of mediation studies 

to evaluate how methamphetamine directly affects HIV viral loads when considering the 

indirect effect of ART adherence,15,16 In this study, we estimate the extent to which the 

relationship between recent methamphetamine use and unsuppressed HIV viral load is 

mediated by ART adherence in a cohort of PWID recruited in Hai Phong Vietnam. We 

estimate the total and natural direct effects of recent methamphetamine use on unsuppressed 

HIV viral load and the indirect proportion of ART adherence.
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Methods

Study participants

The participants included were part of the DRIVE study17 which between 2016–2018 

recruited a cohort of PWID in Hai Phong Vietnam using respondent driven sampling. We 

enrolled all HIV positive and a sample of HIV negative PWID into a cohort to monitor HIV 

incidence, associated risk behaviors, and use of intervention and support services.

Eligible participants had to be injecting drugs, at least 18 years of age, and capable of giving 

informed consent. Injection drug use was verified through the examination of injection 

marks and urinalysis for heroin and/or methamphetamine use.

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). Confirmation testing was conducted using Determine™ HIV-1/2 

(Alere™, Waltham, MA, USA) plus the VIKIA® HIV1/2 (Marcy l’Étoile, Lyon, France). 

HIV viral load was measured at the national reference laboratory (NIHE, Hanoi) using the 

COBAS Taqman HIV-1 test v2.0 (Roche diagnostics, Hanoi, Vietnam).

We restricted our sample to visits where PWID reported receiving ART, had non 

missing self-report methamphetamine use and ART adherence scores and HIV viral load 

measurements from laboratory tests.

Methamphetamine use

Methamphetamine use was based on the number of days used in the last 30 days (this was 

asked at baseline for each participant and at each cohort follow-up visit and was verified 

through urine drug screening at each visit). We categorized methamphetamine use frequency 

in the last 30 days into three categories; no use, intermediate use (defined as using 1–19 

days), and heavy use (defined as 20 or more days) based on review of previous studies 

examining methamphetamine use frequency.18

HIV viral load

HIV viral load was evaluated at baseline as well as every six months after the initial visit 

with up to 36 months of followup. We categorized HIV viral load into two categories: 

suppressed HIV viral load (less than 1000 copies/mL, the WHO definition of viral 

suppression); and unsuppressed HIV viral load (greater than or equal to 1000 copies/mL). 

We additionally examined unsuppressed HIV viral load cut points of 500 copies/mL and 250 

copies/mL.

ART adherence

Participants were asked about the use and adherence to ART at baseline and every six 

months during cohort follow-up (each participant was asked “How would you rate your 

level of adherence in the last six months with 1 indicating little to no medication adherence, 

and 10 indicating high/perfect adherence to ART?”). We used a scale ranging from 1–

10, with 1 indicating very low adherence, and perfect/high adherence (i.e. taking all or 
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nearly all ART as scheduled) was defined by scores of 10. We then divided adherence 

scores into two categories; imperfect adherence (defined as scores 1–8) and perfect/high 

adherence (defined as scores 9–10), similar to previous studies categorization of HIV viral 

load, including the BRAVO trial conducted in Vietnam.19 ART adherence measurements 

were based on self-report (note that previous studies have highlighted the reliability of self-

reported ART adherence measurements,20 and our community based organization members 

(CBOs) worked with our participants to ensure accurate ART adherence reporting).

Confounders

We adjusted for a robust set of demographic and other risk behaviors which have been 

shown to be associated with the exposure, mediator and outcome in previous literature21-26 

including: age (as a continuous measure), education (coded as high school vs. less than high 

school), gender (male/female), health insurance in last six months (yes or no), income in 

last year (greater than or equal to versus less than 6 million Vietnamese Dong, the median 

income level in the survey questionnaire), marital status (married versus not married), 

hazardous alcohol use in the last 30 days (yes or no, utilizing the AUDIT-C screening 

tool for alcohol use disorder27), depression (measured using the CES-D scale28 based on 

symptoms reported in the previous week, with a score of 6 or greater indicating positive 

depression), a composite variable of any anxiety/worrying (yes or no) in the previous two 

weeks based on the PHQ-4 questionnaire,29 and street methadone use in the last six months 

(yes or no).

Statistical analysis

We first conducted unadjusted and adjusted mixed effects logistic regression analysis 

examining the association between methamphetamine and ART, and the association between 

ART and HIV viral load; confounders described above were used in the adjusted analysis.

We then conducted mediation analysis for the relationships between recent 

methamphetamine use and unsuppressed HIV viral load with ART adherence assessed as 

a mediator.30 We calculated a total effect, the natural direct effect, and the proportion 

mediated by ART adherence (indirect effect) to estimate the role of distinct pathways to 

unsuppressed HIV viral load (i.e. the natural direct path from methamphetamine to HIV 

viral load vs. the indirect path through ART adherence).

We examined interactions between recent methamphetamine use and ART adherence 

independent of HIV viral load (i.e. exposure-mediator interaction) and found little evidence 

of interaction (p = 0.869 for interaction term). We examined linearity in the log odds 

of unsuppressed HIV viral load by ordinal methamphetamine exposure, including ART 

adherence in the model, verifying linearity was upheld.

We compared multivariable mixed effects logistic regression models with general structural 

equation modeling (GSEM) in STATA,31 which allowed us to fit a single model to 

estimate the natural direct effect, total effect and proportion mediated (i.e. indirect effect). 

It also allowed us to take into account the multiple measures of methamphetamine use, 

ART adherence, and HIV viral load for each cohort participant, along with the list of 

confounding variables described above. We calculated total effects, natural direct effects and 
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the proportion mediated by ART adherence (i.e. the indirect effect) from the GSEM results 

using the nlcom post estimation command (with individual proportion mediated for each 

level of methamphetamine use). The same methodology was used to examine relationships 

between methamphetamine, ART adherence and unsuppressed HIV viral load at the lower 

HIV viral load thresholds: 500 copies/mL and 250 copies/mL to assess consistency in the 

mediation analysis results.

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

York University School of Medicine Institutional Review Boards. STATA 16 was used for 

statistical analysis.32,33

Results

Demographics, risk behaviors, and methamphetamine use at baseline (cohort entry)

There were three cohort entry points for those who entered the cohort after the RDS 

survey each year. A total of 792 PWID were included in the final analysis after removing 

18 participants who were not present at the end of cohort follow-up at 36 months. The 

cohort sample was predominately male (94.6%) and had a mean age of 39.5 (SD 8.9). 

Approximately 10.3% reported depressive symptoms in the last week and 32.4% reported 

anxiety/nervousness symptoms in the last two weeks. Approximately 85.5% reported 

injecting 20 + days per month in last 30 days Table 1 provides overall demographic and 

other factors for the PWID in the analysis at their baseline visit and provides a bivariate 

analysis by HIV viral load (at 1000 copies/mL threshold).

Methamphetamine use

At baseline, methamphetamine use in the last 30 days was as follows: 65.4% reported no 

use, 30.3% reported intermediate use (defined as 1–19 days in the last 30 days), and 4.3% 

reported heavy use (defined as 20 + days in the last 30 days). By the end of the follow-up 

period, 71% reported no use, 25.7% reported intermediate use, and 3.4% reported heavy use. 

Figure 1 provides methamphetamine frequency by time period for PWID in the cohort.

ART adherence

Antiretroviral therapy adherence increased over the cohort study period; PWID reporting 

high/perfect ART adherence at cohort entry (i.e. at baseline visit in 2016, 2017, 

2018) was 69.6% among those with no recent methamphetamine use, 59.5% for those 

reporting moderate recent methamphetamine use and 63.6% for those reporting heavy 

methamphetamine use. Among cohort participants present at the final cohort follow-up 

visit in 2019, perfect/high ART adherence increased to 95.2% among those with no 

recent methamphetamine use, 85.6% for those reporting moderate recent methamphetamine 

use and 87.5% for those reporting heavy methamphetamine use. Figure 2 provides ART 

adherence by time period and by level of methamphetamine use (i.e. moderate and heavy 

use) for PWID in the cohort.
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HIV viral load

At baseline 81.3% of the participants were virally suppressed. Suppressed HIV viral load 

increased to approximately 94.2% at the end of follow-up (p < 0.001).

PWID who were virally suppressed at cohort entry (i.e. at baseline visit in 2016, 2017, 

2018) was 85% among those with no recent methamphetamine use, 76.4% for those 

reporting moderate recent methamphetamine use and 66.7% for those reporting heavy 

methamphetamine use. Among participants present at the final 36 months follow-up visit 

in 2019, viral suppression increased to 95.5% among those with no recent methamphetamine 

use, 89.5% for those reporting moderate recent methamphetamine use and 88.9% for those 

reporting heavy methamphetamine use.

The percentage with perfect/high ART adherence who were virally suppressed increased 

slightly, from 93.4% at baseline to 96.9% at the end of follow-up (p = 0.157).

Regression and mediation analysis to assess natural direct, indirect and total effects

The unadjusted and adjusted associations between recent methamphetamine use and ART 

adherence are presented in Table 2. In unadjusted analysis, we found a positive association 

between recent methamphetamine use and low adherence to ART (OR: 1.81, 95% CI: 1.47, 

2.22). Results were similar in multivariable analysis (aOR: 1.92, 95% CI: 1.46, 2.52).

The unadjusted and adjusted associations between high ART adherence and suppressed 

HIV viral load are presented in Table 2. In unadjusted analysis, we found a positive 

association between high adherence to ART and suppressed HIV viral load using <1000 

copies/mL cut point (OR: 2.72, 95% CI: 2.66, 4.48). Results were similar in multivariable 

analysis (adjusted odds ratio (aOR): 3.13, 95% CI: 1.75, 5.60). Similar results were obtained 

in multivariable analysis examining lower suppressed HIV viral load cut points (<500 

copies/mL: aOR: 2.78, 95% CI: 1.61, 4.81; <250 copies/mL: aOR: 2.83, 95% CI: 1.68, 4.77)

The results of the mediation analysis are presented in Table 3. When examining the 

relationship between methamphetamine and unsuppressed HIV viral load at >1000 

copies/mL, the aOR for the association between increasing frequency of methamphetamine 

use and unsuppressed HIV viral load was 3.94 (95% CI: 1.95, 7.96); the natural direct effect 

was 2.14 (95% CI: 1.29, 3.55). The proportion mediated by ART was 0.444 (the indirect 

effect).

We also examined the relationship when unsuppressed HIV viral load was defined as >250 

copies/mL and >500 copies/mL. The results are also provided in Table 3. For HIV viral load 

of 500 copies/mL, the aOR for the association between recent methamphetamine use and 

unsuppressed HIV viral load was 3.32 (95% CI: 1.73, 6.38); the direct effect was 1.92, (95% 

CI: 1.19, 3.09). The proportion mediated by ART was 0.457.

When unsuppressed HIV viral load was defined as HIV viral load of >250 copies/mL, 

the aOR for the association between recent methamphetamine use and unsuppressed HIV 

viral load was 3.23 (95% CI: 1.73, 6.02); the direct effect was 1.79 (95% CI: 1.18, 2.91). 
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The proportion mediated by ART was 0.473. For all three HIV viral load cut points, the 

associations and proportion mediated remained relatively stable.

Discussion

In this study, we assessed the relationship between recent methamphetamine use and 

unsuppressed HIV viral load among a cohort of PWID in Hai Phong and consider 

how self-report ART adherence mediates this direct relationship. Despite increased ART 

adherence over time, there remained a strong direct relationship between methamphetamine 

use and unsuppressed HIV viral load, even after examining lower level unsuppressed HIV 

thresholds. This indicates that while ART attenuates the effect of methamphetamine on HIV 

viral loads, the use of ART does not eliminate the risk of having an unsuppressed HIV viral 

load, regardless of frequency of methamphetamine use.

Several previous research studies have highlighted how methamphetamine use can 

biologically interfere with ART effectiveness and lead to a higher HIV viral load among 

HIV positive individuals compared to those without recent methamphetamine use.34-37 

Studies have also supported models showing that methamphetamine use is associated not 

only with ART failure38 but also greater proliferation, activation, and exhaustion of CD4+ 

and CD8+ T-cells.34 While our results are observational, they further advance the possible 

link between methamphetamine use and ART effectiveness.

The results of this study are concerning given previous campaigns promoting the benefits 

of ART use and its effectiveness at keeping HIV positive persons virally suppressed, which 

has been shown to eliminate the risk of transmitting the virus to others (undetectable = 

untransmittable).10 In cases where individuals use methamphetamine, careful monitoring of 

HIV viral load and adherence to ART is critical. This can, however, pose a challenge in 

locations such as Vietnam where PWID may not have the ability to regularly attend clinics 

for viral load measurements and adjustments to their ART.

Although we observed slight decreases in overall methamphetamine use during follow-up, 

it should be noted that worsening HIV disease often persists among methamphetamine 

users, even after discontinuation of drug use. We observed moderate levels of mental health 

symptoms among our participants; careful monitoring of mental health is therefore crucial to 

the success of HIV treatment, particularly among those with a history of methamphetamine 

use.39

There was a slight increase in high/perfect ART adherence among PWID in the DRIVE 

cohort. However, those with moderate and heavy methamphetamine use consistently scored 

lower in adherence compared to those reporting no methamphetamine, which is consistent 

with other studies.39,40 Because lower adherence can be associated with ART resistance,41 

it is important that clinicians consider ART regimens that require less frequent doses during 

the day along with education on the importance of high adherence, to help decrease the 

chance of developing ART resistance.42

The results of this study are consistent with several related studies examining interactions 

between methamphetamine use and unsuppressed HIV viral load. A Vancouver study found 
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that methamphetamine use was negatively associated with suppressed HIV viral load among 

PWID who had recently initiated ART (but did not report specific ART adherence).43 A 

study among methamphetamine users in Los Angeles recruited through RDS found negative 

associations with suppressed HIV viral load, after examining several other risk factors 

including ART use.44 Although these studies did not take place in Vietnam and did not 

involve mediation analysis to consider ART use, the results provide further evidence to 

suggest that those who use methamphetamine are likely to have poor outcomes with respect 

to HIV disease progression compared to those not using methamphetamine.

There are several implications from the results of this study. Interventions aimed at reducing 

and eliminating methamphetamine use among PWID are critical; pilot studies have shown 

some moderate success with contingency management approaches,45 but are recognized as 

labor intensive and unlikely to be successful if methamphetamine use continues to increase 

among PWID. For those that are successful at discontinuing methamphetamine use, careful 

monitoring of HIV care is suggested, particularly for those with a history of polysubstance 

use or psychiatric comorbidities.

Limitations

There are several limitations; ART adherence was based on self-report; there may have 

been social desirability or recall bias associated with reporting adherence. We tested a small 

sample of PWID for 3TC to detect ART use; however, we would note that 3TC presence 

would not necessarily confirm ART adherence for longer recall periods. Our CBOs also 

worked closely with participants to ensure high levels of ART initiation and adherence, so 

it would be unlikely that PWID significantly misreported ART adherence. Other studies 

have highlighted sustained high ART adherence among HIV positive individuals who are 

monitored by CBOs.46,47 We did have a small number lost to follow-up, which may have 

biased the overall results.

As we recruited PWID for the cohort study, the results of this analysis may not be 

generalizable to other populations particularly those without injection drug use histories. 

Finally, although we did adjust for a robust set of demographic and other risk factors, 

we cannot rule out residual confounding in the direct and indirect relationships observed 

between methamphetamine use, ART adherence, and unsuppressed HIV viral load.

Conclusion

In this study we utilized data from a cohort of PWID in Hai Phong Vietnam to assess 

direct, indirect, and total relationships between methamphetamine, ART adherence, and 

unsuppressed HIV viral load. The results show that methamphetamine use is an important 

risk factor for unsuppressed HIV viral load after considering ART adherence. Further 

research is needed to better understand and consider the biological pathways involved in 

methamphetamine use on unsuppressed HIV viral load.
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Figure 1. 
Methamphetamine frequency by time period among PWID in Hai Phong Vietnam (N = 

792).
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Figure 2. 
High/Perfect ART adherence by time period and by level of methamphetamine use among 

PWID in Hai Phong Vietnam (N = 792).
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Table 3.

Total, direct effect and proportion mediated proportion: multivariable models examining relationship between 

recent methamphetamine use, ART and HIV viral load among DRIVE cohort participants, 2016–2018 (N = 

792).

Adjusted odds ratio (95% CI)

Viral load measurement level 1000 copies/mL

 Total effect 3.94 (95% CI: 1.95, 7.96)

 Direct effect 2.14 (95% CI: 1.29, 3.55)

 Proportion mediated by ART 0.444

Viral load measurement level 500 copies/mL

 Total effect 3.32 (95% CI: 1.73, 6.38)

 Direct effect 1.92 (95% CI: 1.19, 3.09)

 Proportion mediated by ART 0.457

 Viral load measurement level 250 copies/mL

 Total effect 3.23 (95% CI: 1.73, 6.02)

 Direct effect 1.85 (95% CI: 1.18, 2.91)

 Proportion mediated by ART 0.473
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