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Abstract

Background—It remains unclear if methamphetamine is merely associated with high risk 

behavior or if methamphetamine use causes high risk behavior. Determining this would require a 

randomized controlled trial, which is clearly not ethical. A possible surrogate would be to 

investigate individuals before and after starting the use of methamphetamine.

Methods—We performed a cohort study to analyze recent self-reported methamphetamine use 

and sexual risk behavior among 8,905 MSM receiving the “Early Test”, a community-based, HIV 

screening program in San Diego, California, between April 2008 and July 2014 (total 17,272 

testing encounters). Sexual risk behavior was evaluated using a previously published risk behavior 

score (San Diego Early Test [SDET] score) that predicts risk of HIV acquisition.

Results—Methamphetamine use during the last 12 months (hereafter, recent-meth) was reported 

by 754/8,905 unique MSM (8.5%). SDET scores were significantly higher in the 754 MSM with 

recent-meth use compared to the 5,922MSM who reported that they have never used 

methamphetamine (p<0.001). Eighty-two repeat testers initiated methamphetamine between 

#Corresponding author: Martin Hoenigl, M.D., Antiviral Research Center, Division of Infectious Diseases, Department of Medicine, 
University of California, San Diego, 200 West Arbor Drive #8208, San Diego, CA 92103, United States of America, Phone: +1 
6195435605 AND Section of Infectious Diseases and Tropical Medicine & Division of Pulmonology, Department of Internal 
Medicine, Medical University of Graz, A- 8036 Graz, Austria., Phone: +43 316 385 81319, Fax: +43 316 385 14622, 
martin.hoenigl@medunigraz.at; mhoenigl@ucsd.edu. 

Conflicts of interest
All other authors no conflicts.

HHS Public Access
Author manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 April 15.

Published in final edited form as:
J Acquir Immune Defic Syndr. 2016 April 15; 71(5): 551–557. doi:10.1097/QAI.0000000000000888.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



testing encounter, with significantly higher SDET scores after starting methamphetamine (median 

5 [IQR 2–7] at recent-meth versus median 3 [IQR 0–5] at never-meth; p<0.001, respectively).

Conclusions—Given the ethical impossibility of conducting a randomized, controlled trial, the 

results presented here provide the strongest evidence yet that initiation of methamphetamine use 

increases sexual risk behavior among HIV-uninfected MSM. Until more effective prevention or 

treatment interventions are available for methamphetamine users, HIV-uninfected MSM who use 

methamphetamine may represent ideal candidates for alternative effective prevention interventions 

(i.e., pre-exposure prophylaxis).
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Introduction

Use of illicit substances such as methamphetamine, poppers (amyl nitrites), gamma 

hydroxybutyrate, cocaine or ecstasy is more prevalent in men who have sex with 

men(MSM) than in the general population1–3. In the US National HIV Behavioral 

Surveillance survey, 42% of the HIV uninfected MSM reported illicit substance use in the 

past year with 74% of these MSM reporting substance use before or during sex4.Substance 

use has been associated with HIV transmission and acquisition in MSM1, 2, 5–8. A dose-

response has been described between the variety and frequency of substance use and sexual 

risk behaviors among MSM9, 10. While most studies have focused on the effect of substance 

use on risk behavior, adherence and resistance in HIV positive individuals1, 11–17, fewer 

studies have examined the interaction of substance use and sexual risk behavior in HIV 

uninfected individuals5, 1819.

Over the past two decades, methamphetamine use has become increasingly used among 

MSM in the United States, with the prevalence of its use among MSM in the previous year 

as high as 18.8%4, 20. Methamphetamine is a central nervous system stimulant with a high 

potential for abuse and for psychological or physical dependence. In relation to sex, 

methamphetamine can increase libido and sexual pleasure, prolong sexual performance, and 

make receptive anal intercourse less painful21; thus, its use may be an important predictor 

for HIV risk2, 1219. It remains unclear, however, if methamphetamine is merely associated 

with high risk behavior or if methamphetamine use causes high risk behavior. Determining 

this would require a randomized control trial, which is clearly not ethical. A possible 

surrogate would be to investigate individuals before and after starting the use of 

methamphetamine.

To this end, this study characterized the temporal relationship between methamphetamine 

use and sexual risk behavior among HIV uninfected MSM undergoing community-based 

screening for acute and early HIV infection (AEH) in San Diego, California22, 23.
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Material and Methods

We performed a retrospective analysis of illicit substance use and sexual risk behavior data 

among individuals enrolled to the San Diego “Early Test” HIV screening program between 

April 2008 and July 2014. The “Early Test” is a community-based, confidential AEH 

screening program that provides point of care rapid HIV serologic testing followed by 

routine reflex to HIV NAT in all antibody (Ab) negative persons22, 23. The UCSD Human 

Research Protections Program approved the study protocol, consent and all study related 

procedures. All study participants provided voluntary, written informed consent before any 

study procedures were undertaken.

Sexual risk behavior was evaluated by calculating San Diego Early Test (SDET) scores for 

every single testing encounter24. The SDET score was recently developed to better estimate 

incident HIV infection risk in MSM, as assessed by a score ranging from 0 to 10, with 

scores above 5 associated with a 6-fold increased risk of HIV acquisition. The score is based 

on key risk variables that predict risk of HIV acquisition among MSM: condom less 

receptive anal intercourse (CRAI),number of male partners, and self-reported bacterial 

sexually transmitted infection (STI).

Study inclusion criteria were limited to men, age ≥13, who reported sexual contact with one 

or more male partners during the previous 12 months and who had at least one testing 

encounter during the study period.

Methamphetamine use and sexual risk behavior

Methamphetamine use was determined by response to four survey questions assessed before 

each HIV testing encounter. Early Test clients who responded yes to “injected/non-injected 

methamphetamine use in previous 12 months” questions were considered recent-

methamphetamine users (hereafter, recent-meth) and those who responded no to both,

“injected/non-injected methamphetamine use in previous 12 months” AND “injected/non-

injected methamphetamine use ever” questions were considered lifelong non-

methamphetamine users (hereafter, never-meth). Information on “methamphetamine use 

ever” was not available in 1811 MSM who tested before the introduction of this question 

into the Early Test questionnaire in August 2010. These individuals were therefore excluded 

from the respective analyses. We compared risk behavior variables (i.e., components of 

SDET score), and SDET score sat most recent testing encounters (i.e. one testing encounter 

per individual) between MSM who reported recent-meth use compared to MSM who 

reported never-meth use using Chi squared and Mann Whitney U test.

We also performed analyses on methamphetamine use in repeat testers (analyses comparing 

repeat testers and single testers have been published previously25). Eligible participants were 

assigned to one of four groups based on their reported methamphetamine use at the first and 

most recent repeat HIV testing encounter: i) Group 1: started using meth (i.e. never-meth to 

recent-meth), ii) Group 2: stopped using meth(i.e. recent-meth to no recent-meth), iii) Group 

3: continued meth (i.e. recent-meth to recent-meth), and iv) Group 4: does not use meth (i.e. 

never-meth to never-meth). In all four groups, we compared changes in sexual risk behavior 

and SDET scores between first and most recent non-overlapping (i.e. >12 months apart, as 
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the risk behavior was always reported for the prior 12 months) repeat testing 

encounter(Figure 1) using McNemar test, Wilcoxon’s signed rank test and a repeated 

measures analysis of variance (ANOVA; F values displayed).

Temporal Relationship: Meth Start and Sexual Risk Behavior (Group 1 Sub analyses)

To better characterize the temporal relationship between start of methamphetamine use and 

risk behavior, we also compared risk behaviors between overlapping (<12 months apart) last 

never-meth and first recent-meth testing encounters (Figure 1). To characterize whether 

there is a stepwise increase in risk behavior after starting meth use we also compared risk 

behavior variables and SDET scores between first recent-meth encounter versus the next 

non-overlapping later testing encounter (i.e. also recent-meth; Figure 1), among MSM who 

had two or more non-overlapping testing encounters after starting methamphetamine.

Model on Substance use and high SDET risk scores

To identify other recreational substances that were associated with high SDET scores and 

evaluate whether methamphetamine or other drugs showed the strongest associations with 

high risk behavior in our settings, we used a binary logistic regression model that included 

the one most recent testing encounter in all individuals. Drug use reported for the previous 

12 months were used as predictors and SDET scores >5 were used as the outcome. A SDET 

score cutoff of >5 was chosen, as it was previously associated with a positive predictive 

value of 10% for incident HIV infection24.In the first step, univariate analyses were 

performed, and variables with p < 0.20 were included in the multivariable model. Variables 

in the final model were selected with a forward stepwise procedure. Odds ratios (OR) 

including 95% confidence intervals (CI) were displayed. Model discrimination was assessed 

by the goodness-of-fit Hosmer-Lemeshow statistic and its predictive potential was assessed 

by using receiver operating characteristic (ROC) curve analysis. For these statistical 

analyses, SPSS 21 (SPSS Inc., Chicago, IL, USA) was used.

Results

A total of 14,612unique persons underwent HIV screening through the “Early Test” program 

between April 2008 and July 2014, including 8,905 (61%) unique individual MSM, who 

participated in17,272voluntary HIV tests. Overall,20% of the MSM (1,788/8,905) were 

repeat testers with first and most recent testing encounters more than 12 months apart (i.e. 

non-overlapping).

Methamphetamine use and sexual risk behavior

Use of methamphetamine was reported during6.3% testing encounters (1,105/17,272) by 

8.5%of MSM testers (754/8,905). While non-injected methamphetamine use was reported in 

all of these testing encounters, injected use was also reported in 175 of the 1,105 testing 

encounters. On an individual basis (demographics displayed in Table 1), SDET scores were 

significantly higher in the 754MSM who reported recent-meth use compared to the 5,922 

MSM who reported never-meth use (median 5, IQR 2–7 versus median 0, IQR 0–3; 

p<0.001; 54% of recent-meth users had SDET scores ≥5 versus 6% of never-meth users). 

Similar results were found for number of male partners and each of the 4 variables of the 
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SDET score (all p<0.001; Table 2). Overall 418 MSM reported that they had used meth 

before, but not during the previous 12 months (SDET scores median 2, IQR 0–5).

Of 1,788 MSM repeat testers with non-overlapping first and last test, 185 (10.3%) reported 

recent-meth use at their first and/or most recent non-overlapping testing encounter. Of those 

185, 82 started using methamphetamine between their testing encounters with Early Test 

(i.e. Group 1), 55 reported that they stopped using methamphetamine during follow-up (i.e. 

Group 2), while 48 reported continued methamphetamine use (i.e. Group 3).Demographics 

of the groups as well as time between first and most recent testing encounter are depicted in 

Table 1.

Box plots of SDET scores at first and most recent testing encounter in these groups are 

depicted in Figure 2. In Group 1 (i.e. 83 repeat testers who started using methamphetamine) 

significantly higher SDET scores were documented at their most recent testing encounter 

(recent-meth, Visit D in Figure 1),compared to their first testing encounter (never-meth, visit 

A; median 5, IQR 2–7 versus median 3, IQR 0–5; F=25.649, both p<0.001; Table 2, Figure 

1). In Group 2 (i.e. 55 participants who stopped meth), SDET scores did not change 

significantly (median 4, IQR 2–7 at first visit; median 3, IQR 0–5 at most recent visit, 

p=0.335; F=0.740, p=0.393). While number of male partners decreased significantly 

between the first and most recent testing encounter, no change was observed for other risk 

variables (Table 2). In Group 3 (i.e. 48 participants who reported recent-meth at their first 

and last visit), SDET scores remained unchanged (median 5, IQR 3–8 at first visit; median 

5, IQR 2–8 at most recent visit; F=1.614, p=0.209). SDET scores remained also unchanged 

in Group 4 (i.e. never-meth at their first and most recent testing encounter, n=1603; median 

2, IQR 0–3 in both; F=0.415, p=0.520).

Temporal Relationship: MethStart and Sexual Risk Behavior

Of all 2,456 repeat testers (i.e. including those where first and last testing encounter were 

overlapping and those where first and last testing encounter were non overlapping), 224 

(9.1%) MSM reported recent-meth use at their first and/or most recent testing encounter. Of 

those 224, 89 started using methamphetamine between their testing encounters, and 

significantly higher SDET scores were documented at first recent-meth versus last never-

meth testing encounter (i.e. first recent-meth; median 5, IQR 2–7 for recent-meth versus 

median 3, IQR 0–5 for never-meth; p<0.001; time between testing encounters median 325, 

IQR 127–501 days; F=21.442, p<0.001).

When just focusing the analysis on the subset with overlapping testing encounters (n=47), 

there were also significantly higher SDET scores observed at first recent-meth (visit C, 

Figure 1) versus last never-meth (visit B) encounter (median 5, IQR 2–7, versus median 3, 

IQR 2–5; p=0.036; time between testing encounters median 165, IQR 104–278, range 34–

362 days; F=4.252, p=0.045; Figure 1).

Additional analyses were performed ine37 MSM who had two or more non-overlapping 

testing encounters after starting methamphetamine. In those SDET scores remained 

unchanged between first recent-meth (visit C) versus the next non-overlapping later testing 

encounter (i.e. also recent-meth; SDET scores for both median 5, IQR 2–7; F=0.932, 
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p=0.859; time between testing encounters median 499, IQR 424–723, range 365–1747 

days;Figure 1), indicating that risk behavior may not increase continuously over a longer 

time period after starting meth.

Model on Substance use and high SDET risk scores

The most recent testing encounters of 8,905 MSM(i.e. one testing encounter per individual) 

were included in the binary logistic regression model for predicting SDET scores >5 

(746[8.4%] of those testing encounters had SDET scores >5). Recreational drugs, number of 

individuals reporting recent use of each drug, as well as results of univariate and 

multivariable stepwise forward analysis are depicted in Table 3. Recent-meth, followed by 

nitrites and gamma hydroxybutyrate showed the strongest independent associations with 

SDET scores >5 in the multivariable analysis. The Hosmer–Lemeshow χ2 was 4.304 (p = 

0.116) and the AUC was 0.679 (95% CI 0.657–0.702) for the model.

Discussion

This is one of the largest studies to date to evaluate how recent methamphetamine use may 

impact sexual risk behavior among MSM. Perhaps unsurprisingly, this study found that 

sexual risk was significantly higher in MSM testers reporting recent methamphetamine use 

compared to those reporting that they never used methamphetamine (p<0.001). More 

interestingly, this study found that repeat testers who started using methamphetamine 

between testing had a significant increase in sexual risk, while there was no difference in 

sexual risk scores (i.e. SDET) between the first and most recent testing encounter for repeat 

testers who continued to use or never used methamphetamine. However, in those individuals 

who reported stopping the use of methamphetamine, their sexual risks partly declined. In the 

multivariable binary logistic regression model, this study also found that recent 

methamphetamine use had the strongest independent association with the highest SDET 

scores.

Importantly, 54% of MSM with recent-meth had SDET scores ≥5, a cutoff previously 

recommended to identify persons who require more intensive prevention interventions such 

as pre-exposure prophylaxis (PrEP)24. PrEP has been shown to be effective among MSM, 

reducing the risk of getting HIV infected by up to 92% in those with detectable plasma 

levels26. The finding that more than half of MSM with recent-meth had SDET scores ≥5 is 

in line with previous studies that have indicated that methamphetamine may also be 

associated with incident HIV infection5, 13, 27–29.While increased risk behavior may be the 

major contributing factor for high incidence of HIV among those using methamphetamine, 

another factor may be dry mucosa, a “side-effect” of methamphetamine use, which may lead 

to more chafing and abrasions, which, in turn, could provide an entry for HIV during sexual 

activity5.

Strikingly, we found that among repeat testers who started using methamphetamine between 

two tests, there was a significant increase of sexual risk behavior. In those who stopped 

using meth, number of sexual partners decreased by a third from median 15 male partners in 

the previous year to median 10. However, other risk behaviors such as CRAI and also 

reported STI rates did not decrease after stopping methamphetamine, which may indicate 
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that some of those MSM may remain within high risk sexual networks and venues of 

methamphetamine using MSM. These finding indicates that meth use may be associated 

with a relatively rapid increase in risk behavior that may not be fully reversible. In a 

previous study meth use was associated with high-risk sexual behavior, and high risk 

behaviors were observed in both, those with occasional and those with frequent use19. The 

effect of meth on risk behavior may therefore differ from the effect of some other drugs, 

where dose-response or stepwise increases of risk behavior have been reported9, 30. If true, 

these finding may have important public health implications, as very early prevention 

interventions before MSM start using meth, may be needed.

Our study has several limitations including its single-center design, the 12-month recall to 

determine meth use and sexual behavior, and also the relatively small proportion of the 

cohort that was included in the analyses of those who started methamphetamine. Also 

frequency or patterns (e.g., binge use) of meth use were not assessed. Furthermore, self-

reported measures for substance use and sexual risk behaviors may be subject to social 

desirability and recall biases. As this was a nonrandomized observational study, we also 

cannot rule out the possibility of unmeasured confounders may have been associated with 

both substance use and sexual risk behavior. Finally, this study focuses on 

methamphetamine use and sexual risk behavior only, while recent longitudinal evidence 

from methamphetamine treatment interventions suggests that methamphetamine use does 

not directly increase sexual risk behavior, but rather increases depression, which 

subsequently increases sexual risk taking31.

Given the ethical impossibility of conducting a randomized, controlled trial of the effects of 

methamphetamine use on sexual risk behavior, the results presented here provide the 

strongest evidence yet that initiation of methamphetamine use increases sexual risk behavior 

among HIV-uninfected MSM. Until more effective prevention or treatment interventions are 

available for methamphetamine users, HIV uninfected MSM who use methamphetamine 

may represent ideal candidates for alternative effective prevention interventions (i.e., PrEP).
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Figure 1. 
Graphical illustration of temporal relationship between methamphetamine use and sexual 

risk behavior among repeat testing men who have sex with men (MSM) who started 

methamphetamine between their testing encounters.
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Figure 2. 
SDET scores at first and most recent testing encounter in MSM repeat testers (n=1789; first 

and most recent test > 12 months apart): A) repeat testers that started using 

methamphetamine while in follow up, B) repeat testers that stopped using 

methamphetamine, C.) repeat testers that reported recent methamphetamine use at their first 

and most recent testing encounter, D) repeat testers that never used methamphetamine. P- 

values are displayed.
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