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Abstract

Background and aims—HIV has reached high prevalence in many non-injecting drug user 

(NIDU) populations. Aims of this study were to 1) examine the trend in HIV prevalence among 

non-injecting cocaine and heroin NIDUs in New York City, 2) identify factors potentially 

associated with the trend, 3) estimate HIV incidence among NIDUs.

Design—Serial-cross sectional surveys of persons entering drug treatment programs. Persons 

were permitted to participate only once per year, but could participate in multiple years.

Setting—Mount Sinai Beth Israel drug treatment programs in New York City, USA.

Participants—We recruited 3298 non-injecting cocaine and heroin users from 2005 to 2014. 

Participants were 78% male, 6% white, 26% Hispanic and 66% African-American. Smoking crack 

cocaine was the most common non-injecting drug practice.

Measures—Trend tests were used to examine HIV prevalence, demographics, drug use, sexual 

behavior and use of antiretroviral treatment (ART) by calendar year. Chi square and multivariable 

logistic regression were used to compare 2005 – 2010 versus 2011 – 2014.

Findings—HIV prevalence declined approximately 1% per year (p < 0.001), with a decline from 

16% in 2005 – 2010 to 8% in 2011– 2014 (p < 0.001). The percentages of participants smoking 

crack and having multiple sexual partners declined, the percentage of HIV positive people on ART 

increased. HIV incidence among repeat participants was 1.2 per 1000 person-years (95% CI 

0.03/1000 - 7/1000).

Conclusions—HIV prevalence has declined and a high percentage of HIV-positive non-injecting 

drug users (NIDUs) are receiving antiretroviral treatment, suggesting an end to the HIV epidemic 
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among NIDUs in New York City. These results can be considered a proof of concept that it is 

possible to control non-injecting drug use related sexual transmission HIV epidemics.

Introduction

While injecting illicit psychoactive drugs is commonly associated with transmission of HIV, 

non-injecting use of illicit drugs, particularly amphetamine-type stimulants (ATS) [1] and 

crack cocaine [2] have frequently been associated with sexual transmission of HIV. A 

number of studies have found high HIV prevalence among heterosexual non-injecting drug 

users (NIDUs): 37% in Porto Alegre, Brazil [3], 43% in China [4], 13% in Canada [5], 24% 

in Portugal [6], 29% in Russia [7] , and 20% in Trinidad and Tobago [8] and among men-

who-have-sex-with-men (MSM) non-injecting ATS users, with HIV prevalence of 40% in 

NYC [9-12], 61% in Los Angeles [11], 42% in Vancouver Canada [13], and 51% in 

Northern Thailand [14].

Interventions such as needle/syringe programs and opiate agonist drug treatment have been 

quite successful in controlling high prevalence heroin injection HIV epidemics in many high 

income settings [15], but these interventions would not be applicable to non-injecting 

stimulant drug use HIV epidemics. Promotion of condom use would be the most directly 

applicable to non-injecting drug use sexual transmission, but impaired judgment and 

perceived enhanced sexuality while under the influence of stimulant use may interfere with 

consistent condom use [16]. The runs-followed-by-crashes pattern of some stimulant drug 

use can also make it difficult to adhere to antiretroviral (ART) treatment [17]. There are 

psychosocial interventions to change stimulant drug use and sexual risk behavior among 

persons who use drugs, but these generally have modest effect sizes and are resource 

intensive [18]. Thus, the population-level effectiveness of interventions to control non-

injecting drug use HIV epidemics remains to be determined.

HIV is a lifelong infection, and drug use disorders are chronic conditions, so that HIV 

epidemics among persons who use drugs often last several decades. While NIDUs could be 

considered a “key population” for HIV transmission in a number of countries, standard 

surveillance methods do not permit tracking of HIV infection among NIDUs over time 

within the MSM or heterosexual transmission categories. Thus, data on long-term patterns of 

HIV infection among NIDUs is relatively limited [19]. Non-injecting cocaine use has been a 

critical factor in HIV transmission in Brazil, and Brazil has been conducting serial cross-

sectional studies of HIV among NIDUs. The results of the latest study, however, have not yet 

been released [20].

There have been multiple studies showing high rates of HIV infection among NIDUs/

persons who smoke crack cocaine in NYC, including persons recruited through street 

outreach [16], respondent driven sampling [21], substance treatment programs [22] and 

“high risk heterosexuals” recruited through time-location sampling [23]. A study of NIDUs 

entering Mount Sinai Beth Israel drug treatment programs in NYC found that HIV 

prevalence increased from 7% among persons entering in 1995-2000 to 13% among NIDUs 

entering treatment in 2005-2011[22].
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NYC has implemented several evidence-based programs that would potentially reduce HIV 

transmission among NIDUs/crack cocaine users, including the NYC condom distribution 

program (begun in 2007) [24], a policy of providing ART to all HIV seropositives (adopted 

in 2011), [25] and providing detoxification services for NIDUs/crack cocaine users. In this 

report, we:

1) Examine trends in HIV prevalence among predominantly crack 

cocaine using heterosexual NIDUs over the 2005-2014 time 

period.

2) Identify factors potentially related to changes in HIV 

prevalence, including a) changes in the demographic 

characteristics of the NIDU population, b) changes in drug use 

and sexual risk behavior among NIDUs, c) changes in ART 

utilization among NIDUs, and d) turnover in the NIDU 

population.

3) Estimate HIV incidence among NIDUs during 2005-2014.

4) Consider the applicability of the NYC findings to other areas 

with high HIV prevalence among NIDUs.

Methods

Overview

The data presented were collected as part of the “Risk Factors” study of HIV infection 

among persons who use drugs in NYC [26, 27]. Subjects are recruited from persons entering 

the Mount Sinai Beth Israel detoxification and methadone maintenance treatment programs. 

Grouping subjects by calendar year creates serial cross-sectional surveys of the population 

entering the programs that can be analyzed for trends over time, including trends in HIV 

prevalence. The serial cross-sectional surveys can also be analyzed for changes in the 

relationships between individual characteristics e.g., whether the associations between 

demographic characteristics and HIV serostatus change over time. Persons are permitted to 

participate once in each calendar year, so that the data for each year forms a cross-sectional 

survey for that year. These are the same methods used in our previous study that showed the 

increase in HIV prevalence among NIDUs from 1990-1995 to 2005-2010.[22]

Substance use disorders are a chronic, relapsing condition, and many persons cycle in and 

out of treatment many times during their drug use careers. We permitted individuals to 

participate multiple times in the study, though only once per year. We can thus examine HIV 

seroconversion among persons participating in different years.

Subject recruitment

The detoxification and methadone maintenance programs serve NYC as a whole and there 

were no changes in the requirements for entrance into the program over the study period. 

Persons using opiates, cocaine and amphetamines were eligible to participate in the study. 
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Persons seeking treatment solely for alcohol, marijuana, and other drugs without use of 

opiates, cocaine and amphetamine were excluded.

Both injecting and non-injecting drug users participated in the study, but only persons who 

are currently using drugs but have never injected illicit drugs are included. (Separate studies 

are conducted of persons currently injecting and of persons who have injected in the past but 

are now using through non-injection routes.)

In the detoxification program, research staff visited the wards of the program in a preset 

order and examined intake records to construct lists of patients admitted within the prior 3 

days. All of the patients on the intake list for a specific ward were asked to participate in the 

study. As there was no relationship between the assignment of patients to wards and the 

order that the staff rotated through the wards, these procedures should produce an unbiased 

sample of persons entering the program. In the methadone program, newly admitted patients 

(those admitted in the previous month) were asked to participate in the research. Participants 

were paid $20 for their time and effort. In both programs, approximately 95% of those asked 

agreed to participate.

Data Collection and Measures

Written informed consent was obtained and a trained interviewer administered a structured 

questionnaire covering demographics, drug use, sexual behavior, and use of HIV prevention 

services. Most drug use and HIV risk behavior questions referred to the 6 months prior to 

the interview, which would be prior to entry into the drug treatment programs.

Participants were seen by counselors for HIV pretest counseling and serum collection. HIV 

testing was conducted at the NYC Department of Health Laboratory using commercial, 

enzyme-linked, immunosorbent assays (EIA) with Western blot confirmation (BioRad 

Genetic Systems HIV-1-2+0 EIA and HIV-1 Western Blot, BioRad Laboratories, Hercules, 

CA).

Data Analysis: Trends, including HIV prevalence

We used Cuzick's test for trend, chi square tests, weighted least squares tests, and logistic 

regression for statistical testing. For logistic regression analyses, listwise deletion was used 

for missing data. Cuzick's tests for trend with calendar year as a unit of analysis were our 

primary tests for changes over time.

We also used a step-down trend test [28, 29] to identify the year when the change in HIV 

prevalence was significantly different from the overall fluctuations in HIV prevalence. The 

step-down test for trend yielded two time periods; 2005 – 2010 and 2011 – 2014. We then 

compared subject characteristics in 2005 – 2010 to 2011– 2014 as an additional method of 

assessing change. This additional method was not intended to replace the Cuzick's test for 

trend, but does provide results that are easier to interpret.

As noted above, we permitted individual persons to participate more than once in the study 

(though not more than once in any year). There were a modest number of persons with 

repeat participation, 279 (8%) overall, 225 (11%) in 2005-2010 and 54 (4%) in 2011-2014. 
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For the comparisons of 2005-2010 versus 2011- 2014, we conducted analyses with the 

repeat interviews included and with the repeat interviews excluded. The results were nearly 

identical, with no more than a 10% difference in any of the odds ratios. We report here the 

results with the repeat interviews included in order to maintain consistency in subject 

numbers with the year-by-year trend analyses.

Data Analyses: HIV Incidence

If a repeat participant was HIV seronegative at first participation, then HIV testing at a later 

participation would detect seroconversion. Subjects were matched on name, drug treatment 

program identification number, gender, and date of birth to ensure that these were the same 

individuals participating on multiple occasions. Subjects who were HIV seronegative at their 

first study participation and then were HIV seropositive at a later participation were used as 

the numerator for calculating HIV incidence. The denominator was the total number of years 

between first and last participation for subjects who remained seronegative plus one half of 

the time between the last seronegative participation and the first seropositive participation of 

the subjects who did seroconvert. (Assuming seroconversion occurred midway between last 

seronegative and first seropositive participation.) The binomial test was used for calculating 

exact confidence intervals.

Stata software [30] was used for statistical analyses.

Ethical approval

The study was approved by the Mount Sinai Beth Israel IRB.

Results

Table 1a presents HIV prevalence, demographic characteristics and recent (past 6 month) 

drug use behaviors for the 3298 subjects by year for 2005 – 2014. Multiple statistically 

significant trends are noted: HIV prevalence decreased, the percentage of women decreased, 

the percentage of Whites increased, the percentage of African Americans decreased, the 

percentage of subjects reporting recent intranasal heroin use increased, and the percentage of 

those reporting recently smoking crack cocaine decreased. (Approximately 83% of the 

sample reported polysubstance alcohol plus other drug use; polysubtance use was not related 

to HIV serostatus.) Table 1b presents the Table 1a data condensed for subjects recruited in 

2005 – 2010, 2011 – 2014, (based on the step-down test for trend noted above) and for the 

entire study period (2005 – 2014). All trends that were statistically significant in the year-

by-year analyses were also significant in the 2005 – 2010 versus 2011 – 2014 step-down 

trend comparisons; there were no trends that were significant in one but not the other 

analysis.

HIV Prevalence

We examined whether the reduction in HIV prevalence was consistent across demographic 

and drug use behavior subgroups (see Table 2a). (We did not include sexual risk behaviors as 

predictors of HIV serostatus because of the likelihood HIV seropositive persons would have 

known their status and reduced their sexual risk behaviors.) All subgroups except MSM 
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showed a reduction of approximately 50%. We examined possible interactions between 

demographic characteristics and drug use behavior and the change in HIV prevalence; none 

were significant.

We used multivariable logistic regression with backwards elimination to examine whether 

the factors associated with being HIV seropositive were the same in 2005– 2010 versus 

2011–2014, and whether the difference in HIV prevalence between 2005 – 2010 and 2011– 

2014 remained statistically significant after controlling for potential confounding variables. 

Results are presented in Table 2b along with the model with year of interview as a variable. 

The AORs for the demographic characteristics were almost identical and the time factor was 

significant in all models (p < 0.001 for the year of interview model).

Sexual Risk Behaviors

We examined sexual risk behaviors for primary and secondary partners by HIV status for 

2005– 2010 versus 2011– 2014 (See Table 3). “Unsafe sex” was defined as reporting being 

sexually active (vaginal or anal intercourse) and not using condoms 100% of the time. There 

was a statistically significant decline in the percentage of seronegative NIDUs reporting 

multiple sex partners. There was a reduction in the percentage of HIV seropositive subjects 

who reported unsafe sex with casual partners, but with the small sample size of HIV 

seropositives this did not reach statistical significance (chi square = 2.3, p = 0.13).

Utilization of ART

Over 98% of the participants reported that they had been tested for HIV prior to recruitment 

into the study. NIDU utilization of ART among our participants increased from 58% in 2005 

to 66% in 2006, and between 81% and 92% from 2011 to 2014 (z = 3.4 p = 0.001). Because 

the increase in ART utilization occurred well before 2011, however, the 2005-2010 to 

2011-2014 comparison was not statistically significant (chi square = 2.8, p = 0.09)

Potential Turnover in the NIDU Population

To assess the potential turnover in the NIDU population, we compared persons most likely 

to leave the NIDU population—those who were 50 or older in 2005 – 2010—with those 

most likely to be relatively new entrants into the population—those who were 30 or younger 

in 2011–2014 (See Table 4). There were multiple demographic and drug use differences, and 

a large difference in HIV prevalence (0% vs. 17%). The potential turnover in the NIDU 

population is consistent with the trends noted in Table 1a.

HIV Incidence

Among 247 subjects who were initially HIV seronegative and participated more than once in 

the study, there was one HIV seroconversion in 859 person-years at risk for an HIV 

incidence of 1.2/1000 person-years at risk (PYAR) (95% CI 0.03/1000 PYAR – 7/1000 

PYAR). HIV incidence for persons reporting crack cocaine use in any interview in the study 

was 1.5 /1000 PY (95% CI: 0.4/1000 PYAR to – 8.5/1000 PYAR).
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Discussion

In our studies of heroin and cocaine NIDUs entering the Mount Sinai Beth Israel drug 

treatment programs [22], we observed a significant increase in HIV prevalence from 7% in 

1995 – 1999 to 13% in 2005 – 2011, and now see a decrease to 8% in 2011– 2014. This 

recent decrease was consistent across demographic and drug use behavior subgroups and 

occurred simultaneously with a low incidence rate (1.2/1000 PY), suggesting population-

level processes.

There are a number of factors that might plausibly explain the reduction in HIV prevalence 

and the very low HIV incidence among repeat participants in this study. Greater loss of HIV 

seropositives than HIV seronegatives to the NIDU population would reduce prevalence and 

could have occurred through transitions to injecting drug use, death, disability, cessation of 

non-injecting drug use, and age related factors.

With respect to the low HIV incidence rate we observed, there was an overall decline in 

crack use in NYC [31] that was also observed among our participants. We do not have data 

on the settings in which crack was being used by study subjects, but propose that the overall 

decline in crack use in NYC also produced a decline in using “crack houses,” settings in 

which exchanges of sex for crack would likely to lead to sexual transmission of HIV [32].

We observed a significant decrease in the percentage of HIV negative subjects reporting 

multiple sex partners in the 6 months prior to the interview, from 36% to 25%. Having 

multiple partners within short time periods has been associated with HIV transmission [33].

The provision of ART to the HIV seropositive NIDUs in our study increased from under 

60% in 2005 to over 80% in 2014. This increase should have reduced infectiousness at the 

population level. Also, the percentage of HIV positives engaging in unsafe sex was quite 

low, particularly from 2011-2014.

Generalization to other locations

As noted in the introduction, high HIV prevalence has been noted in many NIDU 

populations, particularly among NIDUs who use stimulants (crack cocaine and ATS), but 

there are important limitations of interventions to reduce stimulant drug use and to reduce 

unsafe sexual behavior among NIDUs. We interpret the data presented here as a proof of 

concept that it is possible to bring high prevalence HIV epidemics under public health 

control. The interventions implemented in NYC, specifically the safer sex/condom social 

marketing program and the provision of ART to HIV positive NIDUs, are not unique to 

NYC. These interventions were, however, implemented on a public health scale, with over 

30 million free condoms distributed annually, over 98% of our participants tested for HIV, 

and over 80% currently on ART. We would also note that programs in NYC do provide 

short-term inpatient detoxification for NIDUs. While short-term detoxification rarely leads 

to total cessation of drug use, it may provide for a reduction in dependence and greater 

stability in the lives of NIDUs. Finally, we would note that these interventions were provided 

over long time periods—a decade or longer, while the crack cocaine epidemic itself 

declined.
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It should be possible to replicate these conditions in other areas with high HIV prevalence 

among NIDUs, and “end HIV epidemics” [34] among NIDUs in these areas, as well.

Limitations

Several limitations should be considered. First, the data presented here are from subjects 

recruited from a single set of substance use programs. We have previously compared HIV 

risk behavior, HIV prevalence and incidence data from entrants into the Mount Sinai Beth 

Israel programs with data from injecting and non-injecting users recruited from community 

settings and other drug treatment programs [21, 35-37] and consistently found close 

agreement in absolute values and in trends. Most recently, we compared HIV incidence 

among PWID repeat participants in the Mount Sinai Beth Israel programs with HIV 

incidence estimated from New York State and New York City Health Department HIV 

surveillance systems, and found great consistency [38]. The declining prevalence and low 

HIV incidence among NIDUs in this study are also consistent with the decline in newly 

identified cases of heterosexually transmitted HIV in NYC (from 1053 cases in 2001 to 77 

cases in 2014) [39] and the reduction in HIV prevalence among “high risk heterosexuals” in 

NYC who were part of the National HIV Behavioral Surveillance (NHBS) study (from 

12.3% in 2010 to 3.9% in 2013) [40, 41].

Second, we did not have data from a standard cohort study to compare with the method for 

measuring HIV incidence used in this report. A cohort study to measure with precision the 

very low HIV incidence we observed would have been extremely expensive, and 

generalizing from an ethically conducted cohort study—with frequent HIV testing, referral 

to HIV treatment and sexually transmitted disease treatment—to the underlying NIDU 

population could be problematic.

Third, the percentage of subjects reporting methamphetamine use was very low (< 1%) and 

the percentage reporting male-with-male sexual behavior was also low (< 10%) so that we 

would not generalize to methamphetamine users or to MSM populations.

Despite these limitations, the data presented here clearly show a reduction in HIV 

seroprevalence and a low rate of HIV incidence (1.2/1000 PY) among the non-injecting 

heroin and cocaine users in this study.

HIV and Drug use Epidemiology

HIV epidemics among people who use drugs often occur following changes in patterns of 

drug use. HIV epidemics among PWID may be particularly likely when use patterns change 

to injecting drugs that are injected very frequently, e.g. cocaine [42], or short acting opiates 

[43]. Outbreaks of sexually transmitted HIV are particularly likely in association with 

increased use of drugs that are believed to increase sexual pleasure, such as crack cocaine 

[44] and methamphetamine among MSM [45].

We now have several effective public health interventions for reducing HIV transmission 

among people who use drugs, including needle/syringe programs, medication assisted 

treatment for opiate use, ART treatment as prevention for HIV seropositives, condom 

distribution, and pre-exposure prophylaxis for HIV seronegatives. We do need systems for 
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monitoring patterns of drug use so that if drug use patterns change towards those with 

greater HIV risk, we can adapt effective interventions to the changing local situation. There 

will also be instances where changes in the patterns of drug use reduce the likelihood of HIV 

transmission, such as a decline in crack cocaine use. We need to monitor these situations to 

adapt interventions to accelerate declines in HIV transmission and to address possible non-

HIV harmful consequences in the new patterns of drug use. Drug use is a dynamic 

phenomenon and populations of persons using drugs by injecting and non-injecting routes of 

administration are also in flux. Controlling HIV transmission among persons who use drugs 

requires monitoring drug use patterns and adapting evidence-based interventions to changing 

local situations.

Additional research is needed to determine the long-term outcomes of non-injecting drug 

use-sexual transmission HIV epidemics in other areas. Such research should include 

analyses of possible changes in patterns of non-injecting drug use as well as in HIV 

infection.

Conclusions

NYC experienced a high seroprevalence HIV epidemic among NIDUs, reaching 19% in 

2006. Prevalence has now declined to 8%, and incidence is now 1.2/1000 PY. This change is 

likely to be the result of simultaneously occurring processes—the decline in the crack 

cocaine epidemic, turnover in the NIDU population—and focused interventions, including 

the provision of ART for all HIV seropositives. Current HIV prevention and care programs 

for NIDUs should be maintained in NYC along with monitoring of possible changes in drug 

use in order to ensure that HIV incidence in this high-risk group remains very low. Other 

areas experiencing high HIV prevalence epidemics among NIDUs should implement 

combined HIV prevention and care for NIDUs on a public health scale, with an 

understanding that these programs will need to be maintained over long periods of time. 

Other areas should also monitor changes in patterns of drug use to so that interventions may 

be adapted as needed.

Acknowledgments

This work was supported through grants R01DA003574, R01DA035707, and P30DA011041 from the US National 
Institute on Drug Abuse The funding agency had no role in the design, conduct, data analysis or report preparation 
for the study.

References

1. Degenhardt L, Mathers B, Guarinieri M, Panda S, Phillips B, Strathdee SA, et al. Meth/
amphetamine use and associated HIV: Implications for global policy and public health. Int. J. Drug 
Policy. 2010; 21:347–58. [PubMed: 20117923] 

2. Chiasson MA, Stoneburner RL, Hildebrandt DS, Ewing WE, Telzak EE, Jaffe HW. Heterosexual 
transmission of HIV-1 associated with the use of smokable freebase cocaine (crack). AIDS. 1991; 
5:1121–6. [PubMed: 1930775] 

3. von Diemen L, De Boni R, Kessler F, Benzano D, Pechansky F. Risk behaviors for HCV- and HIV-
seroprevalence among female crack users in Porto Alegre, Brazil. Arch Womens Ment Health. 
2010; 13:185–91. [PubMed: 19760050] 

Jarlais et al. Page 9

Addiction. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Li D, Chu P, Yang Y, Li S, Ruan Y, Liu Z, et al. High prevalence of HIV, syphilis and HCV, and low 
methadone maintenance treatment in a migrant population in Beijing. J Addict Med. 2012; 6:311–7. 
[PubMed: 23041679] 

5. Craib, KJ.; Schechter, MT.; Spittal, PM. Prevalence and incidence rates of HIV and HCV infection, 
and risk factors among Aboriginal youth that use drugs.. International AIDS Conference; Toronto 
Canada. 2006; 

6. Prasad, L.; Barros, H. Analysis of risk factors associated with testing HIV positive in drug users 
attending Portuguese drug treatment centres and implications for public health: the KLOTHO 
study.. International AIDS Conference; Vienna Austria. 2010; 

7. Niccolai LM, Shcherbakova IS, Toussova OV, Kozlov AP, Heimer R. The potential for bridging of 
HIV transmission in the Russian Federation: sex risk behaviors and HIV prevalence among drug 
users (DUs) and their non-DU sex partners. J Urban Health. 2009; 86:131–43. [PubMed: 19507037] 

8. Reid SD, Malow RM, Rosenberg R. Alcohol, drugs, sexual behavior, and HIV in Trinidad and 
Tobago—The way forward. J Int Assoc Physicians AIDS Care (JIAPAC). 2012; 11(1):66–82.

9. Halkitis PN, Jerome RC. A comparative analysis of methamphetamine use: black gay and bisexual 
men in relation to men of other races. Addict Behav. 2008; 33(1):83–93. [PubMed: 17825996] 

10. Halkitis PN, Green MKA, Mourgues MP. Longitudinal investigation of methamphetamine use 
among gay and bisexual men in New York City: findings from Project BUMPS. J Urban Health. 
2005; 82(1):i18–i25. [PubMed: 15738324] 

11. Peck JA, Shoptaw S, Rotheram-Fuller E, Reback CJ, Bierman B. HIV-associated medical, 
behavioral, and psychiatric characteristics of treatment-seeking, methamphetamine-dependent men 
who have sex with men. J Addict Dis. 2005; 24(3):115–32.

12. Koblin BA, Murrill C, Camacho M, Xu G, Liu K-l, Raj-Singh S, et al. Amphetamine use and 
sexual risk among men who have sex with men: results from the National HIV Behavioral 
Surveillance study—New York City. Subst Use Misuse. 2007; 42(10):1613–28. [PubMed: 
17918031] 

13. Marshall BD, Wood E, Shoveller JA, Patterson TL, Montaner JS, Kerr T. Pathways to HIV risk and 
vulnerability among lesbian, gay, bisexual, and transgendered methamphetamine users: a multi-
cohort gender-based analysis. BMC Public Health. 2011; 11(1):1. [PubMed: 21199570] 

14. Chariyalertsak S, Kosachunhanan N, Saokhieo P, Songsupa R, Wongthanee A, Chariyalertsak C, et 
al. HIV incidence, risk factors, and motivation for biomedical intervention among gay, bisexual 
men, and transgender persons in Northern Thailand. PLoS One. 2011; 6(9):e24295. [PubMed: 
21931673] 

15. Des Jarlais DC, Kerr T, Carrieri P, Feelemyer J, Arasteh K. HIV infection among persons who 
inject drugs: ending old epidemics and addressing new outbreaks. AIDS. Mar 27; 2016 30(6):815–
26. [PubMed: 26836787] 

16. Edlin BR, Irwin KL, Faruque S, McCoy CB, Word C, Serrano Y, et al. Intersecting epidemics--
crack cocaine use and HIV infection among inner-city young adults. N Engl J Med. 1994; 
331:1422–7. [PubMed: 7969281] 

17. Hinkin CH, Barclay TR, Castellon SA, Levine AJ, Durvasula RS, Marion SD, et al. Drug use and 
medication adherence among HIV-1 infected individuals. AIDS Behav. 2007; 11(2):185–94. 
[PubMed: 16897351] 

18. Meader, N.; Li, R.; Des Jarlais, D.; Pilling, S. Psychosocial interventions for reducing injection and 
sexual risk behaviour for preventing HIV in drug users (Review). Cochrane Collaboration; New 
York: 2010. 

19. Williams, A. HIV risk and transmission among stimulant users: a review of the evidence. UNODC; 
Vienna: 2016. 

20. Bastos FIPM, Bertoni N. Pesquisa Nacional sobre o uso de crack: quem são os usuários de crack 
e/ou similares do Brasil? quantos são nas capitais brasileiras?. 2014

21. Des Jarlais DC, Arasteh K, Perlis T, Hagan H, Abdul-Quader A, Heckathorn DD, et al. 
Convergence of HIV seroprevalence among injecting and non-injecting drug users in New York 
City. AIDS. 2007; 21:231–5. [PubMed: 17197815] 

Jarlais et al. Page 10

Addiction. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



22. Des Jarlais DC, Arasteh K, McKnight C, Perlman DC, Feelemyer J, Hagan H, et al. HSV-2 co-
infection as a driver of HIV transmission among heterosexual non-injecting drug users in New 
York City. PloS One. 2014; 9:e87993. [PubMed: 24498235] 

23. Hagan H, Jenness SM, Wendel T, Murrill CR, Neaigus A, Gelpi-Acosta C. Herpes simplex virus 
type 2 associated with HIV infection among New York heterosexuals living in high-risk areas. Int J 
STD AIDS. 2010; 21:580–3. [PubMed: 20975092] 

24. Burke RC, Wilson J, Bernstein KT, Grosskopf N, Murrill C, Cutler B, et al. The NYC Condom: 
use and acceptability of New York City's branded condom. Am J Public Health. Dec; 2009 99(12):
2178–80. [PubMed: 19834001] 

25. Farley T. Health Department Releases New HIV Treatment Recommendations. 2011

26. Des Jarlais DC, Friedman SR, Novick DM, Sotheran JL, Thomas P, Yancovitz S, et al. HIV-1 
infection among intravenous drug users in Manhattan, New York City, from 1977 through 1987. 
JAMA. 1989; 261:1008–12. [PubMed: 2915408] 

27. Des Jarlais D, Arasteh A, Hagan H, McKnight C, Perlman D, Friedman S. Persistence and change 
in disparities in HIV infection among injecting drug users in New York City after large-scale 
syringe exchange. Am J Public Health. 2009; 99:S445–S51. [PubMed: 19797757] 

28. The Organization for Economic Cooperation and Development (OECD). Current Approaches in 
the Statistical Analysis of Ecotoxicity Data: A guidance to application. OECD; Paris: 2014. 

29. Lin D, Shkedy Z, Yekutieli D, Burzykowski T, Göhlmann HW, De Bondt A, et al. Testing for 
trends in dose-response microarray experiments: a comparison of several testing procedures, 
multiplicity and resampling-based inference. Stat Appl Genet Mol Biol. 2007; 6(1)

30. STATA Corp.. Stata 12. College Station, Texas: 2012. 

31. Hamid, A. [December 15 2015] The decline of crack use in New York City Drug policy or natural 
controls?. 2010. Archived at http://www.drugtext.org/Cocaine-crack-and-base/the-decline-of-
crack-use-in-new-york-city.html

32. Inciardi JA. Crack, crack house sex, and HIV risk. Arch Sex Behav. 1995; 24:249–69. [PubMed: 
7611845] 

33. Morris M, Kretzschmar M. Concurrent partnerships and the spread of HIV. AIDS. 1997; 11:641–8. 
[PubMed: 9108946] 

34. New York State Department of Health. For achieving the goal set forth by Governor Cuomo to end 
the epidemic in New York State by the end of 2020. NYSDOH; Albany: 2015. 

35. Des Jarlais DC, Perlis T, Friedman SR, Deren S, Chapman T, Sotheran JL, et al. Declining 
seroprevalence in a very large HIV epidemic: injecting drug users in New York City, 1991 to 1996. 
Am J Public Health. 1998; 88:1801–6. [PubMed: 9842377] 

36. Des Jarlais DC, Marmor M, Paone D, Titus S, Shi Q, Perlis T, et al. HIV incidence among injecting 
drug users in New York City syringe-exchange programmes. Lancet. 1996; 348:987–91. [PubMed: 
8855855] 

37. Des Jarlais DC, Perlis T, Arasteh K, Torian LV, Beatrice S, Milliken J, et al. HIV incidence among 
injection drug users in New York City, 1990 to 2002: use of serologic test algorithm to assess 
expansion of HIV prevention services. Am J Public Health. 2005; 95:1439–44. [PubMed: 
15985649] 

38. Des Jarlais DCAK, McKnight CM, Feelemyer J, Perlman D, Campbell ANC, Tross S, Hagan H, 
Cooper H, Smith L. Consistency in Multiple Methods for Measuring Very Low HIV Incidence 
among People who Inject Drugs in New York City, 2005-2014. Am J Public Health. Mar; 2016 
106(3):503–8. [PubMed: 26794160] 

39. New York City Department of Health and Mental Hygiene. HIV Surveillance & Epidemiology 
Program - HIV/AIDS Annual Surveillance Statistics. NYCDOHMH; New York City: 1982-2014. 

40. New York City Department of Health and Mental Hygiene. HIV Risk and Prevalence among 
Heterosexuals at Increased Risk for HIV in New York City. NYCDOHMH; New York City: 2010. 

41. New York City Department of Health and Mental Hygiene. HIV Risk and Prevalence among 
Heterosexuals at Increased Risk for HIV in New York City. NYCDOHMH; New York City: 2013. 

42. Tyndall MW, Currie S, Spittal P, Li K, Wood E, O'Shaughnessy MV, et al. Intensive injection 
cocaine use as the primary risk factor in the Vancouver HIV-1 epidemic. AIDS. 2003; 17:887–93. 
[PubMed: 12660536] 

Jarlais et al. Page 11

Addiction. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.drugtext.org/Cocaine-crack-and-base/the-decline-of-crack-use-in-new-york-city.html
http://www.drugtext.org/Cocaine-crack-and-base/the-decline-of-crack-use-in-new-york-city.html


43. Centers for Disease Control and Prevention. Community outbreak of HIV infection linked to 
injection drug use of oxymorphone—Indiana, 2015. Ann Emerg Med. 2015; 66:315–6.

44. Edlin B, Irwin K, Ludwig D, McCoy V, Serrano Y, Word C, et al. High-risk sexual behavior among 
young street-recruited crack cocaine smokers in three American cities: an interim report. J 
Psychoactive Drugs. 1992; 24:363–71. [PubMed: 1491285] 

45. Plankey MW, Ostrow DG, Stall R, Cox C, Li X, Peck JA, et al. The relationship between 
methamphetamine and popper use and risk of HIV seroconversion in the multicenter AIDS cohort 
study. J Acquir Immune Defic Syndr. 2007; 45:85–92. [PubMed: 17325605] 

Jarlais et al. Page 12

Addiction. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jarlais et al. Page 13

Ta
b

le
 1

a

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

an
d 

dr
ug

 u
se

 b
eh

av
io

rs
 o

f 
no

n-
in

je
ct

in
g 

dr
ug

 u
se

rs
 e

nt
er

in
g 

M
ou

nt
 S

in
ai

 B
et

h 
Is

ra
el

 d
ru

g 
tr

ea
tm

en
t p

ro
gr

am
s,

 N
ew

 Y
or

k 

C
ity

 2
00

5-
20

14
.

Y
ea

r
N

H
IV

+*  %
A

vg
. A

ge
 (

SD
)#

M
al

e*  %
F

em
al

e*  %
W

hi
le

*  %
A

fr
ic

an
 A

m
er

ic
an

*  %
L

at
in

o/
a 

%
H

er
oi

n*  %
Sp

ee
db

al
l %

C
oc

ai
ne

 %
C

ra
ck

*  %

20
05

31
4

14
.3

41
 (

7)
72

.3
27

.1
4.

8
66

.9
26

.4
40

.8
11

.5
35

.7
73

.6

20
06

40
4

19
.1

41
 (

8)
76

.0
23

.5
5.

2
64

.9
28

.5
38

.9
11

.9
39

.9
75

.5

20
07

38
3

14
.6

42
 (

7)
77

.3
22

.7
6.

0
64

.2
25

.3
33

.2
6.

8
46

.0
73

.4

20
08

37
8

17
.2

43
 (

7)
74

.3
25

.4
5.

0
69

.8
22

.2
34

.7
7.

4
41

.8
76

.2

20
09

32
1

13
.4

44
 (

8)
81

.3
18

.7
5.

6
70

.4
22

.7
41

.4
9.

0
44

.9
71

.0

20
10

27
1

15
.1

43
 (

8)
78

.6
21

.4
6.

3
67

.5
23

.2
41

.0
5.

2
33

.6
70

.8

20
11

28
0

10
.4

46
 (

7)
84

.3
15

.7
5.

0
72

.1
21

.1
49

.6
8.

9
47

.5
65

.4

20
12

30
0

9.
3

45
 (

9)
80

.7
19

.3
10

.0
58

.7
29

.7
57

.7
8.

0
41

.7
57

.3

20
13

30
8

4.
9

47
 (

8)
85

.1
14

.9
6.

5
64

.6
26

.3
64

.1
11

.4
45

.8
60

.6

20
14

33
9

6.
5

47
 (

10
)

79
.4

20
.1

7.
1

59
.9

31
.0

70
.9

10
.4

41
.9

56
.3

Pe
rc

en
ta

ge
s 

fo
r 

de
m

og
ra

ph
ic

 v
ar

ia
bl

es
 m

ay
 n

ot
 a

dd
 to

 1
00

%
 d

ue
 to

 m
is

si
ng

 d
at

a.
 M

is
si

ng
 d

at
a 

<
 1

 %
 f

or
 a

ll 
va

ri
ab

le
s.

* Si
gn

if
ic

an
t d

if
fe

re
nc

e 
by

 C
uz

ic
k'

s 
te

st
 f

or
 tr

en
d 

(p
 <

 0
.0

5)

# Si
gn

if
ic

an
t t

re
nd

 b
y 

va
ri

an
ce

-w
ei

gh
te

d 
le

as
t s

qu
ar

es
 te

st
 (

p 
<

 0
.0

5)

Addiction. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jarlais et al. Page 14

Table 1b

Demographics and drug use characteristics of non-injecting drug users in New York City 2005-2014 by time 

periods.

Time Period

2005-2010 2011-2014 2005-2014

Average age (SD)
* 42 (7.4) 46 (8.6) 44 (8.1)

N % N % N %

Gender
*

Male 1585 76.5 1009 82.2 2594 78.7

Female 481 23.2 216 17.6 697 21.1

Race/ethnicity
*

White 113 5.5 89 7.3 202 6.1

African American 1391 67.2 780 63.6 2171 65.8

Hispanic 515 24.9 334 27.2 849 25.7

Heroin
* 787 38 746 61.1 1533 46.6

Speedball 181 8.7 119 9.7 300 9.1

Cocaine/ nasal 842 40.7 541 44.1 1383 41.9

Crack Cocaine/ smoked
* 1525 73.6 732 59.7 2257 68.5

HIV+
* 327 15.8 94 7.7 421 12.8

Percentages for demographic variables may not add to 100% due to missing data. Missing data < 1 % for all variables.

*
significant difference(p<0.05) across time periods by t-test (age) and chi-square test (all other variables)
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Table. 2a

Comparison of HIV prevalence by demographic and drug use characteristics across time periods

2005-2010 2011-2014

Total n % HIV+ Total n % HIV+

Gender/MSM

Non-MSM Male
* 1403 10.8 952 5.7

Female
* 481 22.0 216 10.7

MSM# 157 40.8 53 32.1

Race/ethnicity

White 113 5.3 89 2.3

African American
* 1391 17.7 780 8.7

Hispanic
* 515 13.8 334 7.2

Drug use

    Heroin

No
* 1284 19.6 475 11.6

Yes
* 787 9.5 746 5.1

    Speedball

No
* 1890 16.1 1104 7.8

Yes 181 12.7 119 6.7

    Cocaine

No
* 1229 18.4 686 7.9

Yes
* 842 12.0 541 7.4

    Crack cocaine

No
* 546 7.5 494 3.9

Yes
* 1525 18.8 732 10.3

*
Significant difference by chi-square test (p <0.05) across time periods

#
MSM: men who have sex with men
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Table 2b

Logistic models of HIV prevalence among NIDUs in New York City 2005-2014

2005-2010 2011-2014 2005-2014 2005-2014 (annual)

Time period AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

2005-2010 - - 1 (ref)

2011-2014 - -
0.6 (0.5-0.8)

*

Year-of-interview (2005-2014)
0.92 (0.89-0.96)

*

Gender/MSM

Non-MSM Male 1 (ref) 1 (ref) 1 (ref) 1 (ref)

MSM#
5.3 (3.6-7.7)

*
7.8 (3.9-15.5)

*
5.8 (4.2-8.1)

*
5.91 (4.24-8.24)

*

Female
2.1 (1.6-2.8)

*
2.1 (1.3-3.6)

*
2.1 (1.6-2.7)

*
2.09 (1.63-2.68)

*

Race ethnicity

White 1 (ref) 1 (ref) 1 (ref) 1 (ref)

African American
3.5 (1.5-8.3)

* 3.6 (0.8-15.7)
3.6 (1.7-7.6)

*
3.65 (1.73-7.70)

*

Latino/a
3.5 (1.4-8.4)

* 3.7 (0.8-16.6)
3.6 (1.7-7.8)

*
3.64 (1.69-7.85)

*

Age

31 or greater 1 (ref) 1 (ref) 1 (ref) 1 (ref)

18-30 years 0.5 (0.3-1.0) 0&
0.5 (0.2-0.8)

*
0.45 (0.24-0.85)

*

Drug use

Heroin/nasal
0.6 (0.4-0.8)

*
0.6 (0.3-0.9)

*
0.6 (0.4-0.7)

*
0.57 (0.44-0.73)

*

Cocaine/nasal
0.7 (0.5-0.9)

* -
0.7 (0.6-0.9)

*
0.72 (0.57-0.91)

*

Crack cocaine/smoked
1.7 (1.1-2.5)

* 1.7 (1.0-3.1)
1.8 (1.3-2.4)

*
1.74 (1.26-2.39)

*

AOR could not be calculated as there were no HIV seropositive NIDU in the younger age group in the second time period

For multivariable logistic analyses we used case-wise deletion when any observation had a missing value for one or more of the predictor variables.

This reduced sample sizes by < 3%.

*
Significant effect (p < 0.05
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Table 4

Comparison of younger age group (18-29) in 2011-2014 to the older age group (50 or older) in 2005-2010

Younger (< 30 years) 2011-2014 Older (50+ years) 2005-2010

N % N %

Total 60 100 292 100

Gender

Male 42 70.0 228 78.1

Female 18 30.0 64 21.9

Race/ethnicity
*

White 27 45.0 17 5.8

African American 10 16.7 216 74.0

Latino/a 19 31.7 55 18.8

Drug use

Heroin
* 48 81.4 104 35.6

Speedball
* 10 16.9 24 8.2

Cocaine 28 46.7 117 40.1

Crack cocaine
* 16 26.7 204 69.9

Unsafe sex among HIV−

With primary partner
* 28 47.5 79 32.9

With casual partner 11 18.6 33 13.7

Multiple sex partners among HIV− 15 25.0 72 29.6

HIV+ serostatus
* 0 0 49 16.8

Percentages within demographic characteristics may not always add to 100% due to missing data or questions where multiple responses were 
permitted, e.g., recent drug use.

*
Significant difference by chi-square test (p <0.05)
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