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ABSTRACT OF THE DISSERTATION 

 

Illicit Substance Use and risk of HIV Transmission among Men who have Sex with 

Men 

by 

Lydia Nicole Drumright 

Doctor of Philosophy in Public Health (Epidemiology) 

University of California, San Diego, 2006 

San Diego State University, 2006 

 

Professor Steffanie A. Strathdee, Chair 

 

 Human immunodeficiency virus type 1 (HIV) continues to disproportionately 

affect men who have sex with men (MSM). Recent concern has focused on the use of 

‘club’ drugs among MSM as a risk factor for HIV acquisition and transmission. To 

determine the extent to which the current literature demonstrates a causal association 

between use of individual ‘club’ drugs and risk for HIV among MSM, Hill’s criteria for 

causation was applied to existing studies. A theoretical framework that demonstrates 

potential pathways through which these drugs could be associated with HIV 

acquisition is proposed, and definitions of what constitutes a ‘club’ drug discussed.  

 Building upon this review, and addressing the Centers for Disease Control and 

Prevention’s call for research addressing prevention among HIV positive individuals, 

substance use as a risk factor for unprotected anal intercourse (UAI) was investigated 

among MSM with recent HIV infection. All MSM were interviewed using a computer 

assisted survey instrument (CASI) on average 5 weeks after HIV diagnosis and 13 



 

 xxiv 

weeks after estimated date of infection. Associations between substance use and UAI 

in within-subjects analyses were modeled using conditional logistic regression (CLR). 

Associations between substance use and UAI in the entire sample were examined 

using generalized estimating equations (GEE). GEE models that included interactions 

between timing of sexual activity (before versus after diagnosis) and substance use 

were used to examine change in associations between UAI and substance use before 

and after HIV diagnosis. 

 Among participants, 16% reported no UAI with any of their last three partners; 

60% (n=116) reported UAI with some, but not all, of their last three partners; and 24% 

reported UAI with all of their last three partners. In multivariate CLR (n=116) and GEE 

(n=194) models, UAI was associated with use of methamphetamine (OR: 4.9 and 2.7 

respectively), marijuana (OR: 4.0 and 1.9 respectively) and erectile dysfunction 

medications when used with a main partner (OR: 26.0 and 17.1 respectively). In GEE 

models (n=207) that examined interactions between UAI and substance use before 

and after HIV diagnosis, UAI was associated with methamphetamine use alone 

(OR=4.80, 95% CI: 1.4, 16.1) and a combination of methamphetamine and other 

substances (OR=4.11, 95% CI: 1.9, 8.8) before diagnosis. After HIV diagnosis, UAI 

was associated with use of substances other than methamphetamine (OR=1.96, 95% 

CI: 1.3, 5.3) and a combination of methamphetamine and other substances (OR=5.08, 

95% CI: 2.3, 11.2), but not methamphetamine alone. 

 These analyses indicate that a direct association may exist between use of 

methamphetamine and may be differentially associated with UAI based on knowledge 

of HIV status. These findings have implications for both prevention of high risk sexual 

behavior and substance use among recently HIV infected MSM.  

 



 

1 

I. INTRODUCTION 

 

 Since acquired immune deficiency syndrome (AIDS) was first recognized 

through outbreaks of Kaposi’s sarcoma and Pneumocystis pneumonia in 1981 among 

homosexual men in the United States [1], over 25 million deaths have been attributed to 

human immunodeficiency virus type 1 (HIV-1) and AIDS [2]. Currently, it is estimated 

that 40 million people are living with HIV worldwide [2]. In many developing countries 

especially in sub-Saharan Africa, high HIV-1 mortality rates [3] have resulted in 

economic decline and decreased life expectancies, leaving millions of children 

orphaned [2;4].  

 Due to immune system damage through destruction of CD4 helper T-cells, HIV 

has also contributed to increased incidence and prevalence of other infectious diseases 

that were declining prior to the pandemic, including tuberculosis [5-8], and malaria 

[9;10]. HIV co-infection has also contributed to increased morbidity and mortality of 

other infectious diseases such as hepatitis C [11-13] and hepatitis B [14]. The effects of 

the HIV pandemic have been devastating worldwide. Despite advances in HIV care and 

treatment, most notably the advent of antiretroviral therapy (ART), HIV transmission 

continues unabated. In most regions of the world, HIV incidence rates either have 

remained stable or continue to increase [2].  

 In this introduction, the epidemiology of HIV in the third decade of the pandemic 

is reviewed, including summaries of the origins of HIV, HIV transmission, clinical 

epidemiology of HIV/AIDS, and estimates of HIV/AIDS prevalence worldwide and within 

the United States. The United States epidemic among men who have sex with men 

(MSM) is also reviewed, including changes in prevalence and incidence of HIV and 

sexually transmitted infections (STIs); changes in sexual behavior; and risk factors for
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 HIV transmission in this population. Illicit substance use as a risk factor for HIV 

transmission and acquisition among MSM is briefly introduced. Finally, the purpose, 

aims and rationale for the three studies in this dissertation are presented, which 

collectively examine substance use as a risk factor for HIV transmission and acquisition 

among MSM.  

 

A. Origins of HIV-1 

 The current scientifically accepted belief is that HIV types 1 and 2 both 

originated from simian immunodeficiency virus (SIV). HIV-1 and HIV-2 are believed to 

have originated from SIV strains carried by primates in different regions of Africa. HIV-1 

is most closely related to SIV from chimpanzees (SIVcpz), whereas HIV-2 is more 

closely related to SIV from sooty mangabeys [15]. HIV-1 and HIV-2 also have different 

clinical outcomes in humans, with HIV-2 causing a less severe disease than HIV-1 [16]. 

Since HIV-1 accounts for the largest proportion of HIV/AIDS cases worldwide and is 

more virulent than HIV-2 [17], this summary of the origins of HIV focuses specifically on 

HIV-1. 

 

HIV-1 Transmission from Primates to Humans   

 Analyses of sequences of SIVcpz isolated from the chimpanzee subspecies Pan 

troglydytes troglydytes indicate that it is a genetic hybrid, closely related to SIV found in 

red capped mangabeys and greater spot-nosed monkeys [18]. This suggests that 

chimpanzees may have been infected with two strains of HIV from other primates, 

which recombined to form SIVcpz and an additional virus (HIV-1) that subsequently was 

capable of infecting humans. Humans that lived in rural villages that bordered the jungle 

are believed to have been exposed to this third virus through direct contact with 
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chimpanzee in what is now the Democratic Republic of the Congo (DRC) through 

exposure to contaminated meat or blood (e.g., eating bush-meat, being bitten by 

chimpanzees kept as pets). SIV antibodies have been found among those who hunt 

and prepare bush-meat, indicating that exposure to SIV continues in human populations 

[19;20]. 

 

Early Transmission of HIV-1 among Humans 

 Based on the systematic timing of viral evolution that is observed in HIV-1, it is 

estimated that the main group of HIV-1, group M, arose in the DRC around 1930 

[21;22]. However, more than one theory of how group M originally spread to other 

regions of Africa has been presented. The most commonly accepted scientific argument 

is that transmission occurred largely due to sexual activity; however, some have argued 

for iatrogenic transmission [23]. Differences in the dynamics of hepatitis C and HIV-1 in 

Africa suggest that iatrogenic transmission is not responsible for the high observed 

rates of HIV transmission [24]. A recent study in rural Zimbabwe failed to find an 

association between medical injections and HIV serostatus [25]. 

 

Transmission of HIV-1 to the United States 

 When the syndrome that later became known as AIDS was first recognized in 

1981, the CDC investigated its origins using epidemiological interviews before biological 

testing was available. From these interviews, presence of AIDS symptoms among gay 

men was significantly associated with attending bathhouses [26]. Additionally, through 

epidemiological interviews, it was concluded that a gay male airline steward from 

Canada was the index case of HIV in the United States [27]. However, current evidence 

of the epidemic spread of HIV in the United States now refutes that theory. The earliest 
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HIV infected tissue sample that has been identified in the United States came from a 

teenage male who died in 1969 [28], and the date that the most recent common 

ancestor of the current United States HIV strains entered the United States has been 

estimated to be 1968 (+/- 1.4 years) [29]. Current epidemiological evidence suggests 

that HIV spread from the Congo to Haiti, via Haitian men who participated in the United 

Nations Educational, Scientific, and Cultural Organization in the Congo between 1960 

and 1975. It was then believed to have been brought back to the United States by gay 

tourists visiting the Haitian city Port-au-Prince [30]. 

 Currently, the predominant subtype of HIV-1 in the Unites States is subtype  

(clade) B [31;32]. This is believed to be the original clade that entered the Unites States 

population. Clade B is also found in Western Europe, South America, Canada, Mexico, 

Australia, New Zealand, Japan, and Korea, [31;33]. HIV diversity is greatest in Africa, 

where all clades of group M are found [32]. Group O, for other, and group N, for new, 

are also found in Africa [32]. Some regions outside of Africa report co-circulation of two 

or more dominant clades of group M, such as B and F in South America and B, C and E 

in South East Asia [32]. Additionally, recombination of the major clades has been 

observed in Southeast Asia [34;35] and Africa [35] and recombinant subtypes can be 

found in South America, South East Asia, Africa, China, and Europe [36]. The most 

common recombinants reported are AG, found in 31 percent of infections in West 

Africa, and AE, found in 63 percent of infections in South East Asia [35]. It has been 

estimated that 56 percent of HIV infections worldwide are due to clade C, 23 percent 

are due to A, 8 percent are due to B, 5 percent are due to D, and the remaining 8 

percent are due to other clades or recombinants [33].    
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B. Biology and Clinical Epidemiology of HIV-1 

 HIV-1 is a human retrovirus, belonging to the lentivirus class [37]. HIV-1, like 

other lentiviruses, is a single-stranded RNA virus [37], however in HIV-1, two identical 

copies of this RNA strand are packaged, along with the reverse transcriptase protein, in 

each virus capsid [38]. Coating the outside of the virus are approximately 12 to 15 

envelope ‘spikes’ that can bind to the CD4 molecule, which is expressed at high levels 

on the surface of activated CD4+ T helper lymphocytes [39].   

 HIV gains entry to a host cell through binding to a chemokine coreceptor (in 

humans, CCR5 or CXCR4) and the CD4 molecule [40-42], and results in a cascade 

within the virion to activate the virus. At this time, reverse transcriptase is activated and 

the RNA copies are reverse transcribed into a linear DNA duplex, which is integrated 

into the host genome becoming a provirus [38]. Many of these infected cells rapidly 

make new viral particles by harnessing the host cell’s DNA replication and protein 

synthesizing systems [38]. However, in other cells, the provirus remains inactive for 

varying lengths of time, from months to years [43;44].   

 Due to the high error rate of HIV-1 reverse transcriptase and the lack of a 

proofreading mechanism for DNA polymerase II,  on average one mutation occurs each 

viral replication cycle [45-47], which results in great genetic diversity among HIV within 

a single individual, and an even greater degree of viral genetic divergence between 

individuals. Even genetic variants that do not have a replication advantage are 

maintained at low levels in the host [48]. Given selection pressure from the host 

immune response or antiviral medication, most variants will proliferate [38]. Additionally, 

HIV-infected cells are eliminated and new cells are infected approximately every two 

days [49;50], suggesting rapid replication with the opportunity for rapid viral evolution. 
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This has made HIV-1 vaccine development for prevention and drug development for 

treatment very difficult.  

 

Acute Infection 

 During the earliest stages of HIV-1 infection, the virus tends to be localized 

within the site of exposure. However, HIV-1 rapidly begins to replicate and disseminate 

throughout the body, and grows exponentially with a doubling time of 10-20 hours 

[51;52], to reach peak viral titers which may exceed 10 million copies of viral RNA in the 

plasma. Before the immune system can mount a response, HIV infects lymph tissues 

and organs and other cells, establishing what is thought to be permanent infection of 

the host [53]. 

 During this time, individuals may develop flu-like symptoms, consisting of fever, 

myalgia, rash, night sweats, arthralgia, malaise, headache, pharyngitis, 

lymphadenopathy, fatigue, oral or genital ulcers, thrush, weight loss, nausea, and 

vomiting [54-57]. The most commonly reported symptoms associated with acute HIV 

infection are fever, night sweats, rash, lymphadenopathy, and fatigue [55;56;58;59]. 

Approximately 40-90 percent of people with recent HIV-1 infection may experience 

acute viral symptoms [56], although some remain asymptomatic [60]. During acute 

infection people experience high plasma viral loads which have been associated with 

increased infectiousness and a greater likelihood of transmission to others 

[51;52;61;62].  

 

Complications of Chronic HIV-1 Infection 

 Acute HIV-1 infection is followed by a period where viral loads drop, which may 

be due to a combination of the elicitation of cellular and humoral HIV specific immune 
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responses, and exhaustion of target cells [51;63;64]. After approximately 3-6 months of 

infection, the viral load settles down to a relatively stable level known as the ‘viral 

setpoint’, which represents a dynamic equilibrium between high rates of viral replication 

and clearance by the host’s immune system [49;50;65]. The viral setpoint can vary by 

several orders of magnitude between individuals, and high viral loads have been 

associated with high infectivity and more rapid progression to AIDS [66-68]. After a 

long, but variable, period of infection during which the individual is generally 

asymptomatic, progression to AIDS may occur.  

 

AIDS 

 Progression to AIDS is characterized by a sharp increase in viral load and a 

corresponding decrease in CD4 T-cell count [53], which can result in susceptibility to 

opportunistic infections (OIs) due to debilitated immune response. AIDS was originally 

defined by illnesses resulting from one or more OIs. Kaposi’s sarcoma and 

pneumocystic pneumonia were the first OIs recognized as part of the syndrome that 

became known as AIDS [1;69]. By 1983 (before HIV-1 was identified), AIDS was 

defined as diminished ability of immune functioning in response to an as yet unidentified 

infection with no known reason for lower immune functioning [69]. In 1985, the case 

definition for AIDS was changed to a positive serological test for human T cell 

lymphotropic virus type III/ lymphadenopathy associated virus (HTLV-III/ LAV, now 

known as HIV-1) and one or more of 26 OIs or isosporiasis, bronchial or pulmonary 

candidiasis, or non-Hodgkins lymphoma [70]. In 1993, the CDC expanded their 

definition of AIDS to include healthy HIV positive people with a CD4 positive T cell count 

of less than 200 per µl of blood [71].  
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 Before the advent of ART, the estimated median duration of time between HIV 

infection and progression the AIDS was seven to eleven years in developed countries 

[53;72], and the median survival time after infection was eight to twelve years [72;73]. 

This ‘asymptomatic’ stage ranged from one to 15 years, and appeared to be related to 

host immune response [74]. With the development of ART, time from HIV-1 infection to 

AIDS diagnosis has increased [75-77]. In Hong Kong, the median survival time after 

AIDS diagnosis increased from 29.8 months prior to 1997 to greater than 70 months 

after 1996 [78]. The majority of new AIDS cases in the United States are reported on 

the basis of a low T cell count in the presence of HIV infection, not based on OIs [71]. 

 In environments where nutrition may be incomplete and few medical resources 

are available, median survival time from HIV diagnosis is much shorter [79-83]. This 

may be due to lower overall health or diagnosis later in the course of HIV-1 infection, 

lack of access to treatment and greater exposure to opportunistic infections. 

Conversely, some individuals, known as long-term survivors or long-term non-

progressors, may never reach the AIDS stage. Long-term survival with HIV infection in 

the absence of ART has been attributed to both the host immune response [84] and HIV 

genetic mutations [85;86]. 

 

HIV Testing 

 In 1983, HIV (then called HTLV-III/LAV) was discovered as the infectious agent 

that caused AIDS [87]. In 1985, the first enzyme-linked immunosorbant assay (ELISA) 

test for detection of HIV antibody in blood samples was approved by the United States 

Food and Drug Administration (FDA) [88]. In 1987, the FDA approved the first Western 

Blot for commercial use in the detection of HIV infection in plasma and developed 

regulations requiring screening of all blood and plasma from donors in the United States 



 

 

9 

[88]. Currently, a number of HIV testing kits are approved by the FDA for commercial 

use, including multiple enzyme immunosorbant assays (EIAs), Western Blot, and a 

nucleic acid test for HIV-1 RNA [89]. For more detail on these tests see Methods, 

section C: Screening and D. Inclusion and Exclusion Criteria, Definition of Acute and 

Early Infection, and Estimated Date of Infection. 

 

HIV/AIDS Treatment  

 At the time of writing, there were four classes of antiretroviral drugs licensed for 

treatment of HIV infection. The first class of HIV medications to be developed were 

nucleoside reverse transcriptase inhibitors (NRTIs), which inhibit viral replication by 

causing chain termination during reverse transcription [90]. In 1987, AZT (3'-azido-2'-

deoxythymidine), also known as zidovudine or ZDV, a drug that had been originally 

developed to treat cancer in 1964 [91], was the first drug approved by the FDA to treat 

HIV/AIDS [91], following a clinical trial by Burroughs-Wellcome (now GlaxoSmithKline) 

that demonstrated improved CD4+ counts in AIDS patients [92]. Soon after widespread 

use of AZT, viral resistance was demonstrated in people who used the drug for 6 

months or more [90;93]. Single therapy had limited effectiveness in HIV treatment. 

However, development of NRTIs continued and FDA approval was received for 

didanosine (ddI) in 1991, zalcitabine (ddC) in 1992, stavudine (d4T) in 1994, lamivudine 

(3TC) in 1995, and abacavir in 1998 [91]. 

 Between 1989 and 1994 the second class of anti-HIV drugs, protease inhibitors, 

were developed in response to the National Institutes of Allergy and Infectious Diseases 

(NIAID) supported basic research on protease enzymes in HIV [94]. Protease inhibitors, 

act at a later stage of the viral lifecycle following transcription of the provirus, by 

inhibiting the cleavage of the viral polypeptide by the viral protease [95]. HIV-1 virions 
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are still produced in the presence of protease inhibitors, but are non-infectious. In 1995, 

saquinavir was approved by the FDA, and in 1996, ritonavir and indinavir were 

approved for single therapy and combination therapy, with one or more of the NRTIs 

[94]. When used in combination with NRTIs, this dual combination therapy became the 

first successful treatment for HIV [96;97]. However, in early in vitro [98-100] studies and 

subsequent studies in vivo [101;102] HIV-1 resistance to protease inhibitors was 

documented.  

 Shortly after FDA approval of the first protease inhibitors, the first of the non-

nucleoside reverse transcriptase inhibitors (NNRTIs), nevirapine, was approved by the 

FDA in 1996 [91]. NNRTIs, like NRTIs also inhibit reverse transcription, however 

NNRTIs directly interfere with the active site of reverse transcriptase [103;104]. As with 

the previous anti-retroviral agents, resistance to NNRTIs was observed [105]. However, 

treatment with multiple classes of anti-retroviral medications was demonstrated to be 

highly effective after the advent of NNRTIs [106-109], and soon became the 

recommended standard of care [110]. 

 Recently a fourth class of anti-HIV drugs was developed, fusion inhibitors. The 

first fusion inhibitor, enfuvirtide, was approved by the FDA in 2003 [111]. These are 

small molecules which interfere with the binding of envelope spikes to CD4+ [112;113]. 

It has been suggested that some fusion inhibitors may be effective against HIV group O, 

in addition to group M [114], which is promising as most ART is specific only to HIV 

group M. As with all other anti-HIV drugs, resistance to enfuvirtide has been reported 

[115]. Active development of new fusion inhibitors is underway [116].  

 Despite continuous development of ART regimens, HIV-1 drug resistance 

persists due to rapid evolution of the virus. It has been estimated that among those 

receiving HIV care in the United States, 73 percent of patients with HIV viremia have 
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resistance to at least one or more antiretroviral drug [117]. Single and multidrug 

resistant strains of HIV not only develop within the individual, they are also transmitted 

to others and it appears that the percentage of newly infected individuals with drug 

resistant HIV is increasing [118]. Research into the effect that successful ART regimens 

to treat HIV/AIDS have had on HIV risk behaviors will be discussed in section H: Risk 

factors for HIV-1 infection among MSM.  

 

C. HIV-1 Transmission 

 At the outset of the HIV-1 epidemics in the United States and Western Europe, 

transmission of HIV-1 was originally attributed to sexual activity between men, 

contaminated blood products, and injection drug use [119]. Later reports indicated that 

HIV-1 was transmitted through heterosexual contact [120] and maternal transmission 

(i.e., vertical transmission and breastfeeding) [121;122]. Although HIV-1 can be isolated 

from other body fluids, such as saliva [123;124], transmission has not been documented 

from such fluids and is unlikely due to low levels of virus in these fluids. Different routes 

of HIV transmission, proportions attributed to these routes, and regions that report these 

routes of transmission are described below. 

 

Parenteral Transmission 

 Early in the United States HIV epidemic, HIV acquisition was reported among 

recipients of blood transfusions due to contaminated blood products [125]. However, 

hemophiliacs comprised only a small portion of the AIDS cases reported early on in the 

epidemic [69]. People continued to become infected with HIV through blood 

transfusions until 1985 when the first HIV test (ELISA) became available [88]. Iatrogenic 

infection of HIV-1 through transfusion became less common worldwide than when the 
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pandemic was first recognized; however, transfusion-related HIV infection still occurs, 

albeit rarely. In the United States, one person received a transfusion of HIV infected 

blood in Texas in 2000 [126] and two others received transfusions of HIV infected blood 

from one person in Florida in 2002 [127]. In both cases, the donors were in the acute 

phase of HIV-1 [126;127], and therefore tested HIV-antibody negative. Currently, the 

risk of receiving HIV infected blood from a transfusion in the United States is estimated 

to be 1 in 1.4 million to 1 in 1.8 million units of transfused blood [128;129]. Although 

transfusion associated infection in developed countries, such as Canada, Australia, the 

United States, and Western Europe is uncommon, some developing countries continue 

to report HIV-1 infections associated with blood transfusions, due to lack of adequate 

screening measures and the practice of paying blood donors. In 2004, the World Health 

Organization estimated that 5-10 percent of annual HIV infections worldwide are a 

result of transfusion with infected blood or blood products [130].  

 HIV can also be transmitted through reuse of needles or contaminated injection 

equipment. Transmission of HIV from needle punctures in clinical settings has been 

rare [53]. In the beginning of the United States epidemic, about 20 percent of all AIDS 

cases were attributed to injection drug use [69]. Incidence of HIV among injection drug 

users (IDUs) between 1984 and 1999 varied by location and time, and studies from the 

eastern United States historically reported higher incidence rates than the western 

United States [131]. In recent years, the United States has seen a decline in the number 

of new HIV/AIDS cases among IDUs [132]. However high prevalence of HIV/AIDS 

among IDUs in Southeast and Central Asia [133-135], South America [136] and Eastern 

Europe [137] is reported and injection drug use is contributing significantly to the HIV 

epidemic in these regions [134;138-141].  
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HIV prevalence among IDUs varies widely from no infection to 80 percent 

depending on the region of the world in which IDUs live [142;143], however the majority 

of HIV infected IDUs live in low-income countries [143]. For example, in Georgia [144] 

and the Russian Federation [137], 70 percent of all HIV cases have been attributed to 

injection drug use. The HIV epidemics in South East Asia, Central Asia, and Eastern 

Europe have been primarily attributed to injection drug use and commercial sex work 

resulting from poverty, and to social and political upheaval [2;145;146]. In these 

countries, the intersection between injection drug use and use of or work in the 

commercial sex industry is believed to have caused exponential growth of their HIV 

epidemics [2;145;146]. 

 

Sexual Transmission 

 Sexual contact remains the most important mode of HIV transmission 

worldwide. Sexually, HIV is transmitted most efficiently through anal and vaginal 

intercourse [147-149]; oral-genital contact may also be associated with HIV 

transmission [150;151], but it is less efficient than other penetrative forms of sexual 

contact [147;152;153]. Transmission of HIV attributed to sexual contact between men or 

heterosexual contact varies by region throughout the world. 

 In many developed countries (e.g., Canada [154-156], Australia [157-159], 

Western Europe [160-163], United States [131;132]), MSM have carried the greatest 

HIV burden for most of the epidemic. Additionally, high HIV prevalence has been 

reported among MSM in many Latin American countries [164-166]. Reports also 

indicate that HIV prevalence may be increasing among MSM in Thailand [167]. 

Historically, many other regions of the world that are experiencing HIV epidemics, such 

as Sub-Saharan Africa, have reported little or no sexual contact among men. It is 
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unclear if this is due to a lack of HIV transmission among MSM or if there are cultural 

barriers preventing acknowledgement of sexual activity between men. In 2004, it was 

estimated that 5-10 percent of all HIV cases worldwide were a result of sexual contact 

between men [168]. 

 Although MSM have been disproportionately affected by the HIV epidemic in 

many regions of the world, heterosexual contact is the most common source of HIV 

transmission worldwide [2]. Among people living with HIV today, the majority of cases 

have been attributed to heterosexual transmission. Africa is home to two thirds of all 

people living with HIV in the world, where 97 percent of transmission is attributed to 

heterosexual contact [168]. The rapid spread of HIV in Sub-Saharan African countries 

has been attributed to poverty, war, the subordinate position of women, and lack of 

medical care [2;169]. Worldwide, the proportion of HIV infected people who are women 

is increasing, mostly due to heterosexual contact [168]. Additionally, coinfection with 

ulcerative STIs has been shown to enhance sexual transmission of HIV among both 

heterosexual and MSM populations [66;170-173].  

 

Maternal Transmission 

 It has been estimated that 13-35 percent of mothers who do not receive ART 

transmit HIV-1 to their infants in utero or through delivery [174-176]. In addition to 

transmission in utero and during delivery, one third of all vertical transmission has been 

attributed to breast feeding [177]. Two thirds of all HIV-1 infections among children are 

attributed to maternal transmission [178]. In developed countries maternal transmission 

of HIV is now uncommon, due to HIV testing in pregnancy or delivery and subsequent 

use of ART regimens such as nevirapine [179-181]. Currently, 95 percent of all cases of 

maternal transmission occur in developing countries [182]. Use of  nevirapine has 
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begun to reduce maternal transmission in many impoverished countries, including those 

in Sub-Saharan Africa [183]. 

 

D. HIV/AIDS in the United States 

 In the United States, it has been estimated that nearly one million people have 

died from HIV/AIDS since the recognition of the epidemic in 1981 [184]. More than one 

million (range 1,039,000 to 1,185,00) people were estimated to be living with HIV or 

AIDS by the end of 2004 [132]. Among HIV cases diagnosed in the United States 

between 2001 and 2004 in the 33 states that had name-based reporting, 71 percent 

were men [132]. The majority of men (61%) reported sexual contact with other men as 

their primary risk factor, followed by heterosexual contact (17%), injection drug use 

(16%), and sexual contact with other men combined with injection drug use (5%). 

Women primarily reported heterosexual sexual contact (76%) and injection drug use 

(21%) as risk factors for acquisition. Half of all HIV cases diagnosed between 2001 and 

2004 were among Black or African American men and women [132]. Nearly half (49%) 

of the HIV diagnoses among Black or African American men between 2001 and 2004 

were among MSM [132]. Since the beginning of the HIV epidemic, Black or African 

American and Hispanic people have been proportionally over-represented in HIV/AIDS 

cases [185]. 

 The number of HIV/AIDS diagnoses decreased annually for all risk categories 

including IDU, except MSM, which increased significantly by 8% between 2003 to 2004 

[132]. Since the beginning of the HIV epidemic in the United States, MSM have carried 

a disproportionate burden of infection and continue to do so [132;186]. Between 2001 

and 2004, 44 percent of all HIV/AIDS diagnoses were among MSM [132]. Therefore, 
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there is a need to develop studies that enable us to better understand determinants of 

HIV transmission and risk behavior among MSM in the United States. 

 

HIV/AIDS in California 

 It is estimated that there are over 39,000 people in the State of California living 

with HIV, and over half (58%) live in Southern California [187]. The counties that report 

the greatest number of cases are Los Angeles, San Francisco, and San Diego [187]. 

Reported cases of HIV/AIDS in California follow similar trends to the rest of the United 

States. Approximately 91% of all people living with HIV/AIDS in California are men, and 

74% reported sexual contact with men as their primary risk factor for HIV acquisition 

[188].  

 Recent reports have raised concern regarding increased HIV and STI 

transmission and increased sexual risk-taking among MSM in urban centers in 

California. In 2001, reports from San Francisco indicated that HIV incidence may be 

increasing among MSM [189;190]. In a recent, statewide population-based study of HIV 

prevalence among MSM, 19.1 percent were HIV-positive, and higher HIV prevalence 

was observed among MSM who reported ever injecting recreational substances [191]. 

In addition to reports of increasing incidence and high prevalence of HIV among MSM, 

reports of syphilis outbreaks among MSM in San Francisco and Los Angeles [192] and 

increases in rectal gonorrhea in San Francisco [193] have raised concern about 

increased HIV transmission among MSM in California, which is described in more detail 

in section G below.   
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HIV/AIDS in San Diego 

 San Diego is the second largest county in California, with about 2.6 million 

residents [194]. This county has the third largest number of HIV/AIDS cases in 

California, behind Los Angeles and San Francisco [187].  Between July of 2002 and 

December of 2004, 90 percent of all HIV/AIDS cases reported were among men, of 

whom 79% were MSM [195], a slightly higher proportion than California overall. Of the 

4,647 cases of HIV reported to the San Diego County Health and Human Services 

Agency between 2002 and 2004, a higher proportion were Caucasian (62%) and a 

lower proportion were Black or African American (13%), than those reported overall in 

the United States (36% and 50% respectively) and California (49% and 20% 

respectively) cases [195]. A higher proportion of Hispanic HIV cases were diagnosed 

between 2002 and 2004 in San Diego (22%) than the overall United States (14%), but 

this was similar to those diagnosed in the entire state of California (25%) during this 

time period [195]. As reported for the United States overall, there was a significant 

increase in HIV/AIDS diagnoses among MSM in San Diego county from 3.3% in 2000 to 

5.0% in 2003 [195]. 

 

E. Estimating HIV/AIDS Prevalence and Incidence 

 Estimates of HIV prevalence are biased by many factors that may differ between 

countries or even within state and local regions in the United States. Worldwide 

estimates are based on algorithms and models derived from HIV testing data from 

pregnant women attending antenatal clinics, household HIV testing surveys, and vital 

statistics in countries with a generalized epidemic, and on high-risk groups (e.g., IDUs, 

MSM, sex workers) in countries with low-level or concentrated epidemics [196;197]. 

Additionally, data from HIV voluntary counseling and testing sites are used when 
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available [197]. Although these methods provide the best estimates currently available 

[198], they can still be biased by repeat testing, selected antenatal clinic attendance, 

failing to report HIV/AIDS as the underlying cause of disease on death certificates, and 

lack of access to HIV voluntary counseling and testing.  

 Wealthier countries tend to have better estimates of HIV prevalence than do 

developing countries due to more advanced surveillance systems; however, in the 

United States, estimates may also be biased by a number of factors. Lack of HIV testing 

among at-risk individuals could result in underestimates of HIV prevalence. It has been 

estimated that 25 percent of HIV infected individuals [199], and possibly 48 percent of 

HIV infected MSM [200], in the United States are unaware of their HIV serostatus.  

Anonymous HIV testing is still used in many States due to HIV related discrimination 

[201;202]. Use of such data may contribute to underestimates or over-estimates of 

prevalence depending on how many times an infected individual receives a positive test 

result. Inconsistent reporting procedures among states and U.S. territories may also 

contribute to inaccurate estimates. For example, in California, as with many states, 

HIV/AIDS surveillance information was based on AIDS cases only until 2002 [195], 

which is a poor predictor of HIV infection due to the long duration of time between 

infection and AIDS. Currently, the United States Centers for Disease Control and 

Prevention (CDC) only consider data from states with name-based reporting to be 

reliable [132;203], which includes 33 of the 50 states and two of the three US territories. 

 Accurate estimates of HIV incidence are even more difficult to calculate than HIV 

prevalence. Those who are infected with HIV may be diagnosed years after incident 

infection [204] and may differ from those diagnosed early in terms of their 

sociodemographic and risk profile [205]. Therefore, reports of HIV incidence often come 
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from relatively small prospective studies in selected risk groups, as opposed to national 

data, and may reflect local but not national trends.   

 

F. Increases in HIV and STI Incidence and Risky Sexual Behavior among MSM 

 In recent years there have been a number of reports of increasing incidence in 

HIV among MSM worldwide [132;155;206-216]. Similarly, incidence of STIs has also 

been increasing among MSM [217-230]. Additionally, a number of recent studies point 

to an increase in risky sexual behaviors as the potential cause for these increases in 

STI and HIV incidence among MSM [231-238]. Some have suggested that these 

increases could lead to a resurgence in the HIV epidemic for MSM [239].  

Reports of HIV and STI have shown a strong trend toward increasing incidence 

since the late 1990s. At the height of the HIV epidemic in the early 1980’s, incidence 

rates of HIV among MSM were as high as 19.8 per 100 person years [240]. After this 

initial surge, a drop in HIV incidence was reported, which has been attributed to 

significant behavior change among MSM [241-243], as well as death due to AIDS [244-

246]. From 1991 until 1997, estimated HIV incidence in the United States remained 

fairly stable [247]. However, longitudinal studies [248;249], retrospective studies [250], 

and cross-sectional surveillance studies [132;210;251-255] spanning the time period 

1998 until present have shown an upward turn in HIV incidence among MSM in the 

United States [132;256-259] and in many other countries worldwide [210;215;260-262] 

(Table 1). Additionally, those studies that have not shown an increase in incidence, 

have shown stable HIV incidence rates above 2 percent [263]. These trends have also 

been seen among MSM in San Diego County [195].  

Similarly, increasing incidence of STIs and multiple STI outbreaks have been 

reported among MSM (Table 2). Reports from the CDC have indicated that while there 
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was a drop in new diagnoses of primary and secondary syphilis cases in United States 

from 1997 to 1998 [264], there was a 12.4 percent increase in primary and secondary 

cases from 2001 to 2002 [265]. At this time the incidence of primary and secondary 

syphilis among men was higher (3.8/100,000) than the rate in women (1.1/100,000). In 

the western United States, incidence of primary and secondary syphilis increased by 

64.3 percent from 2001 to 2002 and the rates among men in San Francisco 

(78.8/100,000) and Los Angeles (7.7/100,000) were higher than the rest of the country 

[266]. Additionally, the percent of MSM with primary or secondary syphilis who were 

HIV positive increased from 20 percent in 1999 to 48 percent in 2001 [267]. 

Surveillance in Guilford County, North Carolina [268]; King County, Washington [269]; 

New York City [270]; Houston, Texas [224]; Amsterdam [271]; and Ireland [228] has 

demonstrated similar trends of increasing incidence in syphilis among MSM. These data 

suggest that MSM are engaging in higher risk sexual behaviors which may be driving 

STI transmission. Data from San Diego County [272] demonstrate that the incidence of 

primary and secondary syphilis among men is 12 times higher and the incidence rate of 

gonorrhea is almost twice as high as the rate in women. 

A review of studies of HIV and syphilis coinfection has shown that 64-90 percent 

of MSM with primary or secondary syphilis are sero-positive for HIV [273]. Gonorrhea 

reports in STI clinics across the United States indicated that while gonorrhea incidence 

may have declined in the general population, incidence continued to increase among 

MSM [274]. In a Denver STD clinic, from 1990 to 1995, 8.3 percent of MSM were 

diagnosed with gonorrhea, whereas in a subsequent time period from 1996 to 2001, 

11.7 percent had gonorrhea [222]. Additionally, there has been a substantial increase in 

fluoroquinolone resistant gonorrhea isolated from MSM in STI clinics in the United 

States [275].  
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It has been suggested that the increase in incidence of both HIV and STIs 

among MSM are due to a relapse in risky sexual behavior [273;276], in particular 

increases in the number of casual sexual partners and amount of unprotected anal 

intercourse (UAI). Increases in the proportion of MSM in the Amsterdam cohort 

reporting UAI were reported as early as 1993 [277] and have since been reported 

among HIV positive and HIV negative MSM, as well as those who are unaware of their 

HIV sero-status [232] (Table 3). Increases in the proportion of MSM reporting 

participating in UAI have been reported in both longitudinal and cross-sectional data 

comparisons in San Francisco [236;278], London [232], Australia [235], and Los 

Angeles [237]. Reported increases in these risky sexual behaviors, as well as HIV and 

STI, indicate the need for a greater understanding of precursors to this risk behavior in 

order to help prevent further HIV and STI infections among MSM. 

 

G. Risk Factors for HIV-1 among MSM  

 Existing data on HIV and STI risk behaviors suggest that a number of risk 

factors may be contributing to the resurgence in risky behavior among MSM. Recent 

research has focused on new concepts such as partner types and partner mixing 

patterns, HIV/AIDS prevention “burnout” and beliefs about ART (referred to as “HIV 

treatment optimism”), psychosocial and self-identification issues, and new venues for 

MSM to meet sexual partners as risk factors for HIV acquisition. Additionally, risk 

factors that were identified early on, such as UAI, multiple sexual partners, and drug 

use, continue to be reported.  

 Research on partnership mixing patterns has revealed the influence of social-

sexual aspects on HIV transmission, including higher risks for those in partnerships that 

are discordant for age, ethnicity, education, sexual experience and geography [279-
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281]. Additionally, research on types of sexual partners that might be associated with 

higher HIV risk has revealed that sexual contact with main partners may carry the 

greatest risk for HIV transmission and UAI [282-284].  

 Shortly after effective ART regimes were first prescribed, researchers reported 

that MSM may be experiencing feelings of decreased risk of mortality associated with 

HIV due to the advent of effective therapy [285-291]. However, a recent meta-analysis 

has indicated that elevated sexual risk behavior has not been observed in regard 

changes in beliefs due to ART [289]. Additionally, it has been suggested that MSM may 

be tired of ‘worn-out’ prevention messages about safer sexual practices and therefore 

may practice risky behaviors, such as “bare backing” (i.e., UAI)  [292;293].  

 Psychological problems, such as depression, and identification with the gay 

community have also been attributed to increased risk of HIV among MSM. In 

particular, increases in risky sexual behavior including UAI have been associated with 

depression [294-296], self-identifying as gay [297], and having a lack of connection with 

one’s ethnic community among Latino MSM [298]. High risk sexual behaviors and HIV 

prevalence have been reported to increase with number of psychological problems 

among MSM as well [299].  

 New venues that provide avenues for risky sexual behaviors, such as the 

internet, sex clubs, circuit parties and renewed interest in bathhouses have been 

associated with increased UAI [300], sexual risk taking [301], STI [302], and HIV 

prevalence [303]. Additionally, types of sexual activity [304], sexual behaviors among 

HIV infected individuals [305] and repeat HIV testing [306] have been explored recently 

for associations with HIV transmission.  

 Very early on in the HIV epidemic in the United States, sexual activity among 

men was linked to having symptoms consistent with AIDS [307]. Throughout the 
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epidemic, UAI has been consistently associated with an AIDS diagnosis [308], HIV 

seropositivity [309;310], or seroconversion [311]. Recent longitudinal studies continue to 

report UAI as a major risk factor for HIV seroconversion [312]. Additionally, new studies 

that try to quantify per act transmission probabilities have been conducted among MSM 

[313]. Reporting an increased number of sexual partners was also identified as a risk 

factor for AIDS and HIV early on in the epidemic [309;314]. Higher numbers of sexual 

partners continue to be associated with increased likelihood of seroconversion [312].  

 In 1981, a case-control study was conducted among MSM with and without 

Kaposi’s sarcoma (KS), which demonstrated that those with KS were more likely to use 

nitrite inhalants [315], indicating that early studies suggested associations between 

AIDS and substance use. However, these studies mistakenly assumed nitrite use as the 

cause for KS [316], not AIDS and HIV infection [317]. Later longitudinal studies of HIV 

risk among MSM demonstrated that recreational substance use in general (i.e., 

substance type was not specified) was associated with UAI [318;319]. Currently, reports 

of higher proportions of substance use among MSM than within the general population 

[320] and reports of high frequency of methamphetamine use [321-324] and erectile 

dysfunction medication (EDM) [325-327] misuse among MSM have raised concern 

about substance use as a risk factor for UAI and HIV transmission. 

 

H. Substance Use and Risk for HIV among MSM 

 At the beginning of the United States HIV epidemic, concern about substance 

use and HIV transmission focused primarily on IDUs and parenteral HIV transmission. 

MSM-IDUs were considered to be at exceptionally high risk for HIV acquisition since 

they could potentially experience both parenteral and sexual exposures. HIV incidence  

among IDUs during the early 1980s was exceptionally high [328], however in recent 
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years declines in HIV prevalence have been observed among IDUs in the United States 

[132;329]. 

 Recently, non-injection illicit substance use, particularly methamphetamine use, 

has gained attention as a risk factor for HIV acquisition among MSM. Of particular 

concern is the use of substances referred to as ‘club drugs’ among MSM in urban 

centers of the United States, which have been associated with higher rates of UAI [330-

339], STI [340-342] and prevalence [343-347] and incidence [348-353] of HIV. Risk 

behaviors such as UAI [339;354], having a high frequency of one-time sexual partners 

[355], a greater likelihood of STI [356], and more sero-discordant partners among HIV 

positive MSM [357] have been reported among users of multiple types of substances 

(’polydrug’ users) as compared to single substance users. Additionally, risk of HIV 

transmission through use of a combination of abuse of medically controlled substances, 

such as erectile dysfunction medication (e.g., Viagra®, Levitra®, Cialis®), has become 

a concern among MSM [326;327;333;358-362]; specifically, use of EDMs in 

combination with illicit substances and abuse of EDMs to lengthen the duration of time 

for sexual activity in the absences of sexual dysfunction.   

 Additionally, California is a state that has high levels of drug circulation and 

availability. Clandestine methamphetamine laboratories are common in many regions of 

California [363;364] and trafficking of illicit substances between Mexico and California 

makes San Diego a common transshipment zone [364]. Additionally, surveillance data 

from the United States, California, and San Diego County suggest that MSM are at high 

risk of HIV transmission and acquisition. It is therefore important to continue to study 

dynamics of HIV transmission among this population and to use the findings to 

implement innovative and appropriate prevention programs. Understanding how use of 

illicit recreational substances, often referred to as ‘party’ or ‘club’ drugs, affect HIV risk 
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among MSM requires further study. Due to the high circulation of illicit substances and 

HIV risk among local MSM, San Diego is an appropriate urban center for such studies. 

 

I. Purpose of the Dissertation 

 The overall purpose of the collective studies for this dissertation is to expand the 

understanding of the relationship between HIV risk and illicit substance use, including 

prescription medications that are misused such as erectile dysfunction medications 

(EDMs). This was accomplished by conducting three publishable studies including: a 

review of the current literature examining criteria for causal associations between 

substance use and risk for HIV and STI; a study that utilizes different statistical 

techniques to examine the likelihood of increased unprotected anal intercourse (UAI) 

among recently HIV infected MSM when using illicit substances than when not using 

(Chapter 4); and a study that examines if there is a shift in substance use or type of 

substance use associated with UAI before and after HIV diagnosis among MSM 

(Chapter 5).   

 

J. Research Objectives  

 To develop a better understanding of how substance use may contribute to HIV 

transmission, different primary research objectives were addressed in three 

independent manuscripts. These objectives were designed to test the hypothesis of 

association between illicit substance use and risk of HIV or STI, while studying 

underlying interactions of partnership dynamics and the effect of HIV diagnosis. 

 

Objective for Manuscript 1: The first objective of the first study was to conduct an 

exhaustive review of the literature pertaining to associations between the use of ‘club 
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drugs’ and HIV/STI acquisition or unprotected anal intercourse (UAI) among MSM. The 

second objective was to create an inclusive definition for the term ’club drugs’. The third 

objective was to create a conceptual framework that explains how the illicit substances 

could be causally associated with HIV, STI or UAI. The fourth objective was to assess 

the potential for meeting Sir Bradford Hill’s criteria for causation [365]. The final 

objective was to recommend future research needs in order to conclude or refute a 

causal association between each substance and UAI. 

 

Objective for Manuscript 2: The overall objective of the second manuscript was to 

conduct three different statistical analyses to capture three potential measures of 

association between substance use and unprotected anal intercourse (UAI), in order to 

provide evidence for or against a causal association. The objectives of each of the three 

analyses were: 1) to examine cross-sectional trends in UAI and substance use; 2) to 

estimate associations between use of specific recreational substances and EDM on UAI 

while using individuals as their own control in within-subjects analyses; and 3) to 

determine if recreational substance use was associated with UAI when considering all 

participants, including those with no variation in UAI between partners in a situational 

analysis.  

 

Objective for Manuscript 3: The objective for the third manuscript was to determine if 

associations between substance use and unprotected anal intercourse (UAI) among 

recently HIV infected men who have sex with men (MSM) differ before and after HIV 

diagnosis. 
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K. Hypotheses 

 A number of hypotheses were tested in each of the two manuscripts that were 

based on independent data analysis in order to elucidate the true association between 

substance use and HIV. No hypotheses were generated for the first manuscript, as it 

was based on a review of the literature. 

 

Manuscript 2: Five hypotheses were tested in this study of substance use and UAI. 

 Hypothesis 1: Recently infected, HIV-positive MSM will report a higher likelihood 

of EDM or illicit substance use during unprotected anal intercourse (UAI) than when 

having anal intercourse with a condom. 

 Hypothesis 2: Substances which are likely to be causally associated with UAI 

will be associated with UAI in both within-subjects analyses and situational analyses. 

 Hypothesis 3: Substances that are associated with UAI, but are unlikely to have 

a direct causal association (e.g., are associated with UAI because people with risk 

taking personalities are more likely to use drugs and to have UAI), will be associated 

with UAI only in situational analyses, but not in within-subjects analyses. 

 Hypothesis 4: Associations between substance use and UAI will not be as 

strong with main partners as with other partner types. 

 Hypothesis 5: MSM who report UAI with more of their last three partners will be 

more likely to report substance use than those who report no UAI.  

 

Manuscript 3: Three hypotheses were tested in this study of change in substance use 

and UAI after HIV diagnosis. 

 Hypothesis 1: Different substances will be associated with UAI based on 

whether or not they were used with sexual partners before or after HIV diagnosis. 
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 Hypothesis 2: Use of illicit drugs that contribute to the risk of HIV acquisition, 

such as methamphetamine, will be associated with UAI before, but not after HIV 

diagnosis.  

 Hypothesis 3: Drugs that are often used to cope with depression and trauma, 

such as marijuana, will be associated with UAI after, but not before HIV diagnosis. 

 

L. Rationale for the Proposed Manuscripts 

 Each of the manuscripts presented in this dissertation was designed to 

contribute to the understanding of the true associations between ‘club drug’ use and risk 

of HIV and STI transmission among MSM. The specific contributions to the literature of 

each manuscript are described below. 

 

Manuscript 1: A growing number of studies have examined club drugs as risk factors for 

HIV transmission and acquisition among MSM. In order to expand on these previous 

studies it is important to understand what conclusions can be drawn from them and 

what has yet to be examined. Manuscript 1 will help to focus the needs for establishing 

or refuting a causal association between HIV acquisition and individual substances that 

are considered club drugs.    

 

Manuscript 2: One hypothesis of how illicit substances could increase one’s risk for HIV 

acquisition is that individuals have riskier sexual activity than usual when using illicit 

substances. However, others hypothesize that the associations between substance use 

and UAI are confounded by personality traits, such as risk taking. Within-subjects 

analyses, which use the individuals as their own controls, are able to control for 

unknown or unmeasured individual factors, such as personality; therefore removing the 
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possibility of confounding by personality. Within-subjects analyses have never been 

used to examine associations between erectile dysfunction medication (EDM) use and 

UAI and only one other study has used such an analysis to examine associations 

between a combination of methamphetamine, marijuana and amyl nitrates and UAI. 

This study addresses associations between UAI and individual substances. Additionally, 

this study utilizes data from recently HIV-infected MSM and therefore is likely to capture 

information about sexual activity which resulted in the participants’ HIV acquisition or 

transmission to another due to high viral loads during early infection. 

  

Manuscript 3: Evidence suggesting that illicit drug use, especially methamphetamine, 

contributes to UAI and HIV acquisition among MSM is growing. In order for HIV 

transmission to occur during UAI the sexual partners must be sero-discordant. MSM 

with recent HIV infection have higher viral loads which are not controlled by the immune 

system and therefore may be more infectious. Prevention efforts focusing on early 

diagnosis have been suggested. For such prevention efforts to be effective, newly 

infected individuals must modify their sexual behavior. It is therefore important to 

determine whether the use of illicit drugs that contribute to UAI before diagnosis, 

continue to contribute to UAI after diagnosis or if there is a change in behavioral pattern. 

Such information could help to direct programs focusing on prevention for HIV positive 

individuals. No known study has yet examined change in association between UAI and 

illicit drug use before and after HIV diagnosis.  

 
 
M. Dissertation Chapters   

 The three studies previously described are tied into this dissertation with 

additional chapters. Chapter 2 includes the first study, an exhaustive review of the 
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literature concerning associations between the use of ‘club drugs’ and HIV/STI 

acquisition or unprotected anal intercourse (UAI) among MSM. This study serves as the 

background literature in understanding the needs of future research pertaining to non-

injection substance use and risk for HIV/STI acquisition among MSM. Manuscript 1, 

Chapter 2, has been published in its entirety in the journal, Substance Use and Misuse. 

Chapter 3 reviews the methods used for collection and analysis of all data in 

manuscripts 2 and 3. Although the methods are presented in the second and third 

manuscripts, the methods section of the dissertation describes recruitment of subjects, 

data collection, and data analyses in additional detail. Chapter 4 includes the second 

manuscript, which examines substance use as a risk factor for UAI among MSM with 

recent HIV infection. Study 2 has been submitted for publication as it appears in 

Chapter 4 and is currently under review. Chapter 5 includes the third and final 

manuscript of this dissertation study. This study of changes in associations between 

UAI and substance use before and after HIV diagnosis has been submitted for 

publication and is currently under review. The fifth and final chapter, which concludes 

this dissertation discusses the overall knowledge obtained from the three studies 

together, presents study strengths and limitations, and provides recommendations for 

future research needs. 

 

  



 

 

Table 1-1:  Recent Studies Showing an Increase in HIV Incidence or Prevalence (MSM= men who have sex with men; IDU= injection drug user) 

First Author Year Location Population Sample Size  Study Design Change in Incidence 
Hogg [155] 2001 Vancouver MSM 668 Longitudinal 1995: 0.6/100 person years 

2000: 3.7/ 100 person years 

del Romero 
[366] 

2001 Madrid MSM 267 Longitudinal 1988: 4.71/ 100 person years 
1995: 1.06/ 100 person years 
2000: 2.16/ 100 person years 

Kellogg [367] 2001 San Francisco MSM 2893 Retrospective 
Cohort 

1996: 2.9/100 person years 
1998: 4.7/100 person years 
               (MSM IDU) 

Bluthenthal 
[368] 

2001 San Francisco MSM IDU 992 Comparison of 
cross-sectional data 

1989: 35-45% 
1996: 25% 
2000: 42% 

Calzavara 
[369] 

2002 Ontario HIV testers All sero-converters 
Ontario 1996-1999  

Comparison of 
cross-sectional 
sero-conversion 
data 

1992: 1.23/ 100 person years 
1996: 0.79/100 person years 
2000: 1.16/ 100 person years 

Dukers [210] 2002 Amsterdam MSM 3090 Cross-sectional 
comparisons 

1995: 0.9/ 100 person years 
2001: 4.4/ 100 person years 

Weinstock 
[370] 

2002 Atlanta, Baltimore, Chicago, 
Denver 
Houston , New Orleans, Los 
Angeles 
Miami, Newark 

Anonymous HIV testers in 
STD clinics 

129, 774 Comparison of 
cross-sectional data 
from and STD clinic 

Percent incidence stable 
among MSM from 1991 to 
1997 at 7.1% 

CDC [371] 2003 United States All HIV diagnoses in the 29 
states in which reporting 
occurred 

Sero-converters 
US 1999-2002 

Comparison of 
reported newly 
diagnosed cases 

Among MSM incidence 
increased 3% from 1999 to 
2002 

Kihara [215] 2003 Japan All reported HIV cases  NA Comparison of 
surveillance data by 
years 

100 cases 1990;       >500 
cases 1999;   
10 fold increase in prevalence 
1987 to 2000 

CDC [372] 2004 North Carolina US Surveillance data All African 
Americans with 
HIV  

Comparison of 
surveillance data by 
years 

1998: 65                
2002: 92  per 100,000  African 
Americans  

CDC [132] 2005 United States All HIV diagnoses in the 33 
states that had name-
based reporting 

Sero-converters 
US 2000-2003 

Comparison of 
reported newly 
diagnosed cases 

Increase in HIV prevalence 
among MSM by 8% between 
2003 and 2004 
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Table 1-2: Recent Studies Identifying a Change in STI Incidence or Outbreaks among MSM 

First Author Year Location Population Sample Size  STI Change in Incidence 

CDC [373] 1998 Guilford, NC  Guilford County residents Unclear Syphilis incidence 1994: 62 cases; 1996: 153 cases; 1997: 153 cases.  

Rate in Guilford county 40.5/100,000  

higher than NC 10.9/100,000 in 1997. 

Williams [229] 1999 King County, WA All syphilis case records 
from 1987 to 1998 

555 Syphilis incidence Decrease in syphilis 1989-1996, increase from 1996 to 
1998; 68% MSM, of those 66% HIV+ 

CDC [374] 1999 King County, WA MSM STD clinic 
attendees with bacterial 
STI  

427 Syphilis incidence 1995: 6 cases;   1996: 1 case;   Jan-June 1999: 46 cases 

1997 to 1999 3 fold increase in STI; 
1996: 0/100,000 syphilis     1999: 90/100,000        

CDC [375] 1999 San Francisco Community based 
sample of MSM 

4173 Rectal gonorrhea                            1994                              1997 

Rates/ 100,000   21                                   38 

Stolte [376] 2001 Amsterdam MSM attending STD 
clinic 

6103 Rectal gonorrhea 

Syphilis 

                      1998                             1999 

rectal GC       4.0%                             6.8% 

syphilis          0.4%                             1.4% 

Fox [377] 2001 Unite States STD 
Clinics 

Gonorrhea isolates and 
case information 

34942 Gonorrhea incidence                       1992                                         1999 

% MSM         4.5%                                         13.2% 

CDC [378] 2002 New York, NY All reported syphilis 
cases 

282 Primary & secondary 
syphilis 

117 cases in 2000; 282 in 2001. Rate was 3.5/100000 in 
2001, higher in males (6.9). Male: female ratio was 13.8:1, 
up from 3.6:1 in 1999. Of 86 MSM with syphilis, 20% were 
HIV+ in 1999, 49% in 2000 and 48% in 2001. 

Rietmeijer [222] 2003 Denver, CO MSM STD clinic 
attendees 

Unspecified Gonorrhea incidence 1990-1995:    8.1%        1996-2001:    12.9%                 

CDC [379] 2003 United States United States Census 
Population 

Surveillance 
Data 

Syphilis incidence 12.4% increase between 2001/2002 (rate = 2.2 to 
2.4/100000). 20.8% increase in cites > 200000 (rate=4.8 to 
5.8).64.3% increase in West US.  Rates higher in men (3.8) 
than women (1.1). Rate higher in SF (78.8) than LA (7.7) 
men. More cases in LA (359) than SF (315). 

D’Souza [224] 2003 Houston, TX Syphilis cases 285 Syphilis incidence 
(outbreak) 

2000-2002: Slight increase in syphilis overall, great increase 
in MSM;   2000            2001          2002 
% cases MSM:        10%            26%           47% 

CDC [380] 2004 Massachusetts, New 
York, GISP 

GC Isolates from  United 
States from Men 

1284 Gonorrhea incidence GC incidence increasing in men . Prevalence of resistant 
isolates higher in MSM than hetero men 

                 MSM                            Other Men 

GISP:       4.9%                             0.4% 
MA:         11.1%                           1.8% 

NYC:       12.5%                           1.6% 

Hopkins [228] 2004 Ireland Country surveillance data 19,601 Syphilis incidence Increased 140 fold 1998-2001 among MSM 

CDC [381] 2004 San Francisco,  

Los Angeles 

MSM with syphilis from 
STD & HIV testing 
centers 1998-2002 

SF: 426 

LA: 501 

Syphilis incidence            1998       2000         2002 

SF:        8             NA          512        per 100,000 

LA:       NA          67           299        per 100,000 

CDC [382] 2004 San Francisco Reported syphilis cases 
among MSM 1998-2002 

434 Syphilis incidence                                      1998                               2002 

Percent cases MSM:     22%                               88% 
* MSM- men who have sex with men; GISP- gonorrhea isolates surveillance program; GC- gonorrhea;  HIV+- HIV positive; HIV- HIV negative; STD- sexually transmitted disease 32 



 

 

Table 1-3: Recent Studies Identifying a Change in Sexual Risk Taking Behavior among MSM 
First Author Year Location Population Sampl

e Size 
Study Design Risk Behavior  Change in Risk  Behavior 

De Wit [277] 1993 Amsterdam MSM in STD 
clinic 

310 Longitudinal UAI Increased from 29.% from January to June 1991, to 
40.7% July to December 1991. 

Ekstrand 
[231] 

1999 San 
Francisco 

Adult, 
Unmarried MSM 

510 Longitudinal UAI Prevalence UAI:                 1993: 37%          1997: 50% 

Elford [232] 2002 London MSM in London 
Gyms 

2938 Comparison of 
cross-sectional 
surveys 

UAI with sero-
discordant 
casual partner 

                  1998                                     2001 
HIV+         15.3%                                  38.8% 
HIV-          6.8 %                                   12.1% 
Unknown   2.1%                                    7.7% 

Katz [383] 2002 San 
Francisco 

Various MSM Varies Multiple cross-
sectional 
surveys 

Condom use 
UAI 
Multiple sex 
partners 

                                        1994                       1999 
Always condom use        70%                        54% 
UAI                                  24%                       45% 
Multiple sex partners       24%                       45% 

Rosser [234] 2002 Minneapolis-
St. Paul 

MSM 422 Randomized 
control trail 
intervention 

Condom  use 29% decrease in condom use in control group after 12 
month follow up. 

Van de Ven 
[235] 

2002 Australia MSM 1832 Comparison of 
cross-sectional 
studies 

UAI                     1992                   1996                2002 
UAI:            21.5%                 24.7%             46.4% 

Chen [236] 2003 San 
Francisco 

MSM 10,579 Comparison of 
cross-sectional 
surveys 

UAI 1999: 11.0%                         2001: 16.0% 

Wohl [237] 2004 Los Angeles MSM with AIDS 568 Cross-sectional 
population based 
survey of 
persons 
diagnosed with 
AIDS 

UAI 
 
Number sexual 
partners past 
month 

                     1998              2001              2002           2003 
UAI last sex:   NA                NA                11%            26% 
>10 sex part:   8%                11%               20%          25% 

Stolte [384] 2004 Amsterdam HIV negative 
MSM 

217 Longitudinal Selective 
positioning 

Those reporting that they saw less risk of death due to 
HIV infection, reported increasing RUAI 

* MSM- men who have sex with men;  HIV+- HIV positive; HIV- HIV negative; STD- sexually transmitted disease 
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II. MANSCRIPT 1 

 

Club Drugs as Causal Risk Factors for HIV Acquisition among MSM: A Review  

 

 

 

A. Abstract 

 We reviewed medical and psychology databases for articles demonstrating 

associations between HIV/STI risk and club drugs published between January 1980 and 

August 2005. Seventy-four articles were reviewed, of which 30 provided adjusted risk-

ratios for associations between HIV/STI risk and club drug use among men who have 

sex with men. Definitions and lists of club drugs were broad and inconsistent. We 

constructed a theoretical framework of biologically plausible pathways for causation. 

Using Hill’s criteria to examine club drugs as causal risk factors for HIV, we found the 

most evidence for methamphetamine and volatile nitrites; however more studies are 

needed.  
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B. Introduction 
 
 In many developed countries, human immunodeficiency virus type 1 (HIV) 

continues to disproportionately affect men who have sex with men (MSM) [1-6]. During 

the late 1980’s and early to mid 1990’s, there were reports of declining or stabilizing HIV 

incidence among MSM in the United States [7-10], Europe [11;12], Canada [3] and 

Australia [4]. This decline was attributed to a shift to less risky behavior [8;13;14] and 

death due to AIDS [15-17]. However, in recent years, there have been reports of 

increasing incidence of HIV [5;18-25] and sexually transmitted infections (STI) [26-39], 

and increased reports of risky sexual behavior among MSM [40-47]. Increased risk-

taking behavior appears to be due in part to reduced concern surrounding HIV/AIDS 

coinciding with the advent of highly active anti-retroviral therapy (HAART) in 1996 

[39;48;49]; however, increases in risky behavior were observed among MSM in 

Amsterdam as early as 1993 [50]. 

 Recent concern has focused on the use of ‘club’ drugs among MSM such as 

methamphetamine, ketamine, and gamma-hydroxybutyrate (GHB), and on the role of 

these drugs as risk factors for HIV transmission [51-57]. The use of club drugs has been 

reported among MSM in the United States [54], Canada [58], Western Europe [59] and 

Australia [51]. The association between club drug use and HIV is complex, and involves 

many different facets of social, physical and psychological health. Club drugs can be 

administered through many routes including ingestion, inhalation and injection, and 

some are even used as a rectal suppository. Different definitions have been used to 

describe club drugs, and patterns of use may change over time as specific drugs move 

in and out of style. Psychosocial factors associated with both drug use and HIV risk 

behaviors further complicate the ability of researchers to disentangle causal 

relationships between drug use and HIV acquisition. In this review, we address the 
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potential role of club drugs as independent risk factors for HIV infection, applying Hill’s 

criteria for causation [60]. We propose a theoretical framework which demonstrates 

potential pathways through which these drugs could be associated with HIV acquisition 

and discuss definitions that have previously been ascribed to club drugs. Finally, we 

discuss factors that confound the nature of the true associations, and summarize future 

research needs.  

 

C. Methods 

 From December 2004 to August 2005, we completed an extensive literature 

search on club drugs and risk for HIV and STI acquisition among MSM. A range of 

electronic databases and search engines that contain psychology, medical, and 

biological references were used, including: Medline (Pubmed); The Web of Science; 

Science Direct; PsychINFO; and ArticleFirst. Keywords and terms for drugs included: 

club drugs; substance use; substance abuse; methamphetamine; 

methylendioxymethamphetamine, MDMA or ecstasy; ketamine; gamma-

hydroxybutyrate or GHB; Rohypnol® or flunitrazepam; lysergic acid diethylamide or 

LSD; volatile nitrites, amyl nitrites, nitrites, or ‘poppers’; and Viagra® or sildenafil. These 

terms were used in combination with the following keywords: HIV; sexually transmitted 

diseases or infections; STD; STI; men who have sex with men or MSM; gay men; 

homosexual men; bisexual men. Additionally, all reference lists from the articles 

obtained were reviewed for studies not already identified.   

 All articles examining drug use and STI/HIV risk among MSM identified through 

these methods were reviewed for content. Only peer-reviewed articles published in 

English were included. Only those articles providing multivariate analyses that included 

risk ratios between one of the defined club drugs and HIV, STI or HIV/STI risk factors, 
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such as unprotected anal intercourse (UAI), were considered in our assessment of 

causal associations. Additionally, studies examining risk among only drug using or HIV-

positive populations were excluded from the assessment of causal associations. Hill’s 

criteria [60] were applied to each drug to determine if sufficient evidence was available 

to classify each drug as a causal risk factor for HIV infection. Where applicable we tried 

to quantify quality of evidence for Hill’s criteria. Very poor evidence to meet criterion 

was assigned if there were two or fewer studies providing evidence or fewer than 50% 

of studies provided evidence of the criterion. Some evidence to meet criterion was 

assigned if 50 to 70% of studies provided evidence of the criterion or there was some 

biological support for the criterion. Good evidence to meet criterion was assigned if 70 

to 90% of studies provided evidence of the criterion or there was good biological 

support for the criterion. For strength of association, studies providing risk ratios of two 

or greater were considered sufficient to include in percent meeting criteria. However, 

not all criteria could be quantified and are therefore based on expert opinion.  

 

D. Results 

 A total of 74 articles addressing HIV/STI risk and club drugs among MSM were 

identified and reviewed for content. When potential associations between club drug use 

and HIV/STI risk were considered, 44 papers were excluded. Eighteen papers did not 

provide sufficient risk ratio information; four examined club drug use among HIV positive 

MSM only; two examined HIV risk among drug users only; two were qualitative studies; 

four applied definitions that were not exclusive to particular drugs (e.g., ‘uppers’) and 14 

were review articles. Overall, 30 articles met the above criteria and were considered in 

evaluation of causal associations between club drugs and HIV/STI risk. 
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Definitions of club drugs 

 Despite an increasing body of literature there are still no clear and consistent 

definitions or drug lists among studies; others have noted this inconsistency [61;62], 

and have referred to the term ‘club drug’ as “amorphous” [63]. Early studies [64] 

described club drugs as ‘dance’ or ‘party’ drugs (Table 1). Later studies expanded this 

definition to include situations in which these drugs were used, such as “drugs used at 

‘raves’ or all night dance parties” [65;66]. Simons et al. described club drugs among 

college students, as “a loosely defined category of drugs from different classes… 

grouped due to their use at dance clubs and raves” [67]. Definitions were sometimes 

based on populations that reported use of a particular drug, such as “young people” 

[68;69] or “MSM” [70;71].  

 Although overlap was noted, 21 different sources, including government 

agencies, review articles and original research articles provided different definitions and 

lists of which drugs were considered club drugs or the most common club drugs (Table 

1). Most often, club drugs included methylendioxymethamphetamine (MDMA), ketamine 

and GHB, while other sources included methamphetamine and cocaine. Some lists 

included legal substances, such as caffeine, while others included naturally occurring 

illicit drugs such as marijuana. None of these sources pointed to an authoritative source 

or a benchmark study previously establishing which drugs were club drugs. 

 Due to these inconsistencies in definitions, we used the current National Institute 

on Drug Abuse (NIDA) club drug list as a guide to which drugs are considered club 

drugs, even though this list differed from other government sources [61;69]. NIDA 

provides a list of the following drugs in documents [72] and websites [68;73] pertaining 

to club drugs: methamphetamine, MDMA, GHB, ketamine, flunitrazepam (Rohypnol®), 

and lysergic acid diethylamide (LSD). This drug list was most often framed in terms of 
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teen club drug use but lacked two potentially important ‘party’ or ‘sex’ drugs reportedly 

used among some groups of MSM, namely volatile nitrites and sildenafil citrate 

(Viagra®). Therefore, we expanded the NIDA list by including these two additional 

drugs. 

 We used the following criteria in our efforts to establish a definition that included 

our list of club drugs: drug class, physiological effects, mode of administration, method 

of production, legal standing, situation of use, populations which used the drug, social 

effects, myths or perceptions of effects by users, and periodicity of use (Table 2). Few 

of the drugs provided in any of the lists had the same physiological effects on the body 

(Table 3) [62]. Additionally, modes of administration vary within and between these 

drugs (e.g., methamphetamine is injected, snorted and swallowed [74] and volatile 

nitrites are inhaled); not all are produced synthetically (e.g., LSD is a product of ergot 

[75]); and some are illegal substances (e.g., methamphetamine) while others are legally 

controlled substances (e.g., sildenafil citrate). Characteristics that many of these drugs 

shared in common included: association with party, dance or club scenes; they have a 

reputation for being relatively ‘safe’ among users and are not listed among ‘hard’ drugs; 

they are often used in combination with one another; they have a perceived effect of 

enhancing social and/or sexual competence among users; and use has been more 

commonly reported in the literature among teens and MSM, although this appears to be 

changing [76]. 

 Common traits did not provide sufficient inclusion/exclusion criteria to create a 

consistent definition of club drugs. In particular, period and regional differences may 

affect whether a given drug is considered a club drug. Drugs of choice may change over 

time due to availability [77;78], price, formulation and other market factors, and may 

differ from region to region (e.g., methamphetamine and amphetamine are more 



 

 

70

commonly reported in the western part of the United States and cocaine and heroin are 

more common in the eastern region [79;80]). If one chooses to use the situational 

definition, the list of drugs which may be considered club drugs will change both over 

time and by region. If drugs are classified by population beliefs in safety, the list may be 

reduced by changing beliefs and awareness. People who use different types of ‘club’ 

drugs have very different characteristics and may not belong to the same populations 

[81;82]. We therefore suggest that ‘club’ drugs may not be a definitive group or class of 

drugs and research should focus on particular drugs rather than a classification of drugs 

such as ‘club’ drugs. 

 

Theoretical Model for Club Drug Use as a Risk Factor HIV/STDs 

 A range of plausible pathways in which drugs could serve as risk factors for 

HIV/STI infection have been proposed through both quantitative and qualitative studies. 

Theoretically, one can consider risks in two categories: the direct effects of the drug, 

and the behaviors resulting from these effects. Figure 1 describes the potential 

pathways in which drug use may contribute to risk of HIV and/or STI acquisition. We 

have limited the number of potential pathways to those where there is some evidence of 

biologic plausibility based on our review of the literature. On the left we depict the 

possible direct effects of the drug on the user, whereas the middle section describes the 

possible behaviors that may result from the corresponding effects. Note that a specific 

drug (e.g., methamphetamine) could have many possible direct effects (e.g. reduction in 

physical pain, altered mental state, increased sexual desires) which could result in one 

or more risk behaviors.   

As described in Table 3, direct effects of club drugs may include; altered mental 

states or loss of muscle control (e.g. ketamine [83;84], GHB [66]); enhanced sexual 
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function (e.g. methamphetamine [85;86], sildenafil citrate [87-89]) or increased 

sexual/social desires and/or confidence (e.g. methamphetamine [70;90], MDMA [91]); 

vasodilation (e.g. volatile nitrites [92], sildenafil citrate [93;94]); or decreased sensation 

of pain (e.g. methamphetamine [70], volatile nitrites [95]). The way in which the drug is 

administered may carry additional risks for acquiring HIV or blood-borne infections, as 

in the case of injection drug use, due to the risk of parenteral transmission through 

multi-person use of injection equipment.  

Although club drugs may have many effects, behaviors that elevate the risk of 

HIV/STI acquisition include: decreased condom use; increased number of partners, 

increased duration of sexual contact with the same partner, or both; increased tissue 

damage or increased likelihood of blood to blood or semen to blood contact; and the 

sharing of needles or ”works” (syringes, preparation containers, kits, water). Below, we 

discuss each of these potential pathways in turn. 

 

Altered Mental State 

 Most club drugs cause some degree of temporary mental distortion (Table 3), 

ranging from impaired judgment [66;90] to sedation [66;84;90;96;97], loss of muscle 

control [83;95;96], and even memory loss [66;83;98]. Some have such strong effects on 

the user’s ability to process environmental stimuli and on muscle control and memory, 

that they have been reported as ‘date rape’ drugs (e.g., GHB, flunitrazepam and 

ketamine [83;98-101;101]). These mind and/or body altering effects may compromise 

the user’s ability to use or negotiate condom use.  
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Reduced Sensation of Pain 

 Some types of club drugs have been described as having the ability to decrease 

the sensation of pain. This may be an independent effect, or may be associated with 

altered mental state. The effect of decreased pain may result in the ability to have 

greater numbers of anal sex partners in a short period of time, longer duration of sexual 

activity, or even more physically traumatic sexual activity (e.g., “fisting”) which may 

result in increased tissue damage and increased risk of HIV and STI acquisition [102-

105]. Qualitative reports indicate that drugs such as methamphetamine may be used in 

order to sustain more physically traumatic receptive anal intercourse [70]. Volatile 

nitrites have also been reported to ease the pain of receptive anal intercourse through 

relaxation of the sphincter muscles [95]. Additionally, drugs used in the medical setting 

as disassociative anesthetics, such as ketamine and GHB, could also have effects of 

decreasing physically painful experiences [66;83;106].  

 

Enhanced Sexual Functioning 

 Enhanced sexual functioning, increased libido and increased confidence in 

obtaining sexual partners have been reported with the use of some club drugs [107] and 

pharmaceutical agents misused as club drugs (e.g., sildenafil citrate). Among men in 

general, increased sexual desire and ability to maintain longer than normal erections 

have been reported with use of low doses of amphetamine and methamphetamine 

[85;108], but the inability to have an erection has been reported at high doses [85]. 

Users of methamphetamine have also reported increased feelings of confidence, 

helping them to recruit sexual partners in public environments, such as bars, which may 

not occur in the absence of the drug [70;108]. Enhanced libido, feelings of closeness, 

and sexual desire have also been reported with use of MDMA and LSD [85;109;110].  
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 In recent years, pharmaceutical agents such as sildenafil citrate (Viagra®), 

tadalafil (Cialis®), and vardenafil hydrochloride (Levitra®) have been marketed to help 

men overcome mental and physical erectile dysfunction. However, recent reports 

examining sildenafil citrate indicate that this substance is commonly misused as a 

recreational drug among many populations, including MSM, to enhance sexual abilities 

[59;111-113], and may be used in combination with other club drugs [114]. These drugs 

could increase amount or duration of sexual activity [115], which may result in localized 

trauma, thus increasing blood-to-blood or semen-to-blood contact 

 

Vasodilation 

 Some club drugs (e.g., sildenafil citrate, volatile nitrites) can cause vasodilation. 

Vasodilation causes pooling of blood within the lower extremities and relaxation of the 

smooth muscles (Table 3). Increased availability of blood in the penis and rectal region 

due to vasodilation may result in increased exposure to blood during sexual contact 

[114]. Additionally, vasodilation may also increase the duration of an erection or the 

relaxation of rectal muscles, which could potentially result in increased numbers of 

sexual partners or increased duration of sexual activity for both the insertive and 

receptive partners during anal sex [116].   

 

Injection Drug Use 

 Club drugs that can be injected include: methamphetamine, ketamine and GHB. 

Sharing of needles and ‘works’ carries a high risk for HIV transmission [117-119]. 

Reports of injection of methamphetamine appeared as early as 1968 [120;121]. Drug 

injection can result in the transmission of HIV and hepatitis B or C virus if needles or 

“works” are shared with an infected individual. 
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Are Club Drugs Simply a Marker for High-Risk Behavior? 

 While the theoretical framework presented provides plausible biological and 

social pathways in which club drugs could be causal risk factors for HIV seroconversion, 

it is also possible that drug use could be simply a marker for a risky personality type 

[122;123]. Some researchers have suggested that drugs may provide an excuse for 

unsafe sex or a ‘time out’ from practicing safer sexual behavior for some MSM 

[124;125]. Similarly, some suggest that MSM may take club drugs to ‘escape’ from self-

monitoring of sexual activity [126-128]. A lack of impulse control or sensation seeking 

has also been associated with both drug use and HIV/STI risk behaviors [129-131]. 

Other studies have found that depression is associated both with drug use [132;133] 

and increased odds of HIV/STI risk behaviors [118;134;135]. In these cases, club drugs 

would be considered a confounder in the pathway between impulsivity or depression 

and HIV/STI acquisition. On the other hand, one could argue that some club drugs, 

such as MDMA [136], nitrites [137], methamphetamine [138] can lead to depression; 

although depression did not explain associations between illicit drug use and sexual risk 

in one study [139]. Additionally, risk taking behaviors associated with obtaining drugs 

that carry greater than normal risk for HIV/STI acquisition, such as trading sex for drugs 

[140-142], may be confounded with the actual use of the drug. 

 Leigh and Stall (1993) have observed that many studies of drug use and HIV 

risk behaviors suffer from the inability to distinguish drugs as risk factors for HIV/STI 

infection as opposed to markers for risk taking. They describe a hierarchy of 

classifications that can be used to weight studies in terms of  demonstrating causal 

associations from low to high levels of  rigor: 1) global associations between drug use 

and high-risk behaviors (i.e. drugs are used and high-risk behaviors are practiced); 2) 

situational associations, (i.e., frequency of drug use or drug use ever with sexual activity 
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is associated with frequency of risky behavior or risky behavior within a given time 

frame); 3) event level associations (i.e., drug use at a sexual event and risky sexual 

behavior at that event); and 4) event level case-crossover associations (i.e., event level 

associations are compared at a time in which risky behaviors did and did not occur 

using the same individual as his/her own control).  In our review of the literature, we 

identified only two studies of event-level associations and one study of event-level 

crossover associations.  

  

Evidence for Causal Associations 

 In 1965, Hill [60] proposed nine criteria to help researchers to determine the 

existence of causal relationships between risk factors and outcomes. These criteria 

include: strength of association; consistency between studies; temporality (the risk 

should proceed the outcome); biological gradient (dose-response relationship); 

biological plausibility; coherence (the proposed associations should not conflict with 

what is currently known about the natural history and biology of the outcome); 

experimental evidence supports the association (including cessation); analogy (the 

causative model is consistent with similar models and alternative explanations have 

been considered); and specificity (the risk must be the only cause of the outcome and 

the outcome only occurs in the presence of the risk). With the exception of specificity, 

which is no longer considered applicable [143;144], these criteria are still applied to 

gauge the preponderance of evidence in support of causal associations. In the case of 

drug use and HIV/STI acquisition, causal risk factors would be those described in our 

theoretical model; non-causal relationships would include drug use as a marker for risk 

taking or risky personalities, which would place individuals at the same risk for HIV/STI 

regardless of drug use. We applied Hill’s eight criteria for causation [60], Leigh and 
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Stall’s classification of studies on drug use and HIV risk [145] and our theoretical 

framework (Figure 1) to the 30 studies that met our criteria to determine if a causal 

relationship has been established for each type of club drug listed in Table 3. Below, we 

discuss the body of evidence for each drug in turn.           

 

Methamphetamine and Amphetamine 

 In our theoretical framework, methamphetamine could be associated with 

elevated risk of HIV infection through multiple causal pathways. Commonly, 

methamphetamine users report increased libido [70;85;108;146], increased sexual 

function [115;147] and more sexual confidence [70;108;115] in association with use of 

this drug. Studies of the action of methamphetamine on the human body indicate that it 

results in altered mental states among users [90;148]. Some drug users have also 

reported decreased sensation of pain during receptive anal sex [70;115]. Lastly, 

methamphetamine is sometimes administered through injection [74;149-151].   

 Nine studies examining methamphetamine and five examining amphetamine as 

independent risk factors for HIV/STI acquisition that provided a multiply controlled risk 

ratio measure were reviewed (Table 4). Of these 14 studies, four were longitudinal, one 

was a case-control and nine were cross-sectional. In three of the longitudinal studies 

[152-154] , amphetamine use over the follow-up period was associated with at least a 

two-fold increased risk of HIV seroconversion. From a methodological perspective, 

longitudinal studies provide the best evidence that amphetamine use is temporally 

associated with HIV seroconversion. The remaining longitudinal analysis [155] 

demonstrated associations between methamphetamine use and UAI at a particular 

sexual encounter. This study also provides evidence for temporality, as drug use 

occurred before UAI.   
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  All but two [71;156] of the nine cross-sectional studies demonstrated that either 

methamphetamine or amphetamine were consistently associated with the majority of 

risk behaviors or disease outcomes measured. Of the two studies that showed no 

association, one examined HIV prevalence [156], and the other collected data during a 

social event [71], which may be subject to misclassification as more sensitive behaviors 

in such settings may be under reported. Of the seven studies demonstrating positive 

associations, most had risk ratios above 1.5 with confidence intervals that excluded 

one.  

 A study of 337 MSM in San Francisco [154] demonstrated some evidence of 

dose-response relationships. In this longitudinal study, long-term amphetamine use was 

associated with HIV seroconversion (RR=2.89, 95% CI: 1.36-6.16), however a similar 

association was not observed for recent adoption of amphetamine use, suggesting that 

the longer one uses the drug, the more likely they are to seroconvert. Although no 

quantifiable amount of amphetamine use was presented, these data suggest that 

further investigation into a dose-response relationship is warranted.  

 A number of studies demonstrate that cessation of methamphetamine use 

results in a reduction in risky sexual behaviors [157;158]. Although more studies are 

needed to establish irrefutable evidence that methamphetamine is a causative risk 

factor for HIV, current evidence suggests that a causative relationship is likely to exist 

(Table 5). However, the pathways in which methamphetamine or amphetamine may 

lead to HIV/STI acquisition remain unclear and warrants further investigation.  

 

Methylendioxymethamphetamine (MDMA) 

 MDMA is derived from methamphetamine and has similar properties and effects 

[66;159]. Like methamphetamine, there is biological plausibility that MDMA may 
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increase the risk of HIV/STI acquisition as described by our theoretical model (Figure 

1). MDMA may alter one’s mental state, enhance sexual function [110] and desires 

[109] and may possibly decrease sensation of pain. Administration of MDMA through 

injection is possible, but not commonly reported. 

 There is a growing body of literature investigating the role of MDMA as a risk 

factor for HIV/STI acquisition; however, we found only five studies that met our inclusion 

criteria of providing adjusted risk ratios (Table 4). Of these studies, two were 

longitudinal and three were cross-sectional. Only two [155;160] of these studies 

demonstrated an association between UAI and MDMA use, which makes a poor case 

for consistency and strength of association. Additionally, the longitudinal study which 

examined MDMA use prior to HIV seroconversion [152] showed no association between 

MDMA use and seroconversion and therefore did not provide evidence for the most 

important causal criterion, temporality. None of these studies demonstrated a dose-

response relationship between MDMA and HIV/STI acquisition or risk behavior. 

Although one could argue for coherence and analogy, there are currently too few 

studies of MDMA to support evidence of a causative relationship (Table 5). However, 

data revealing associations between MDMA use immediately prior to sexual contact 

and increased risk of UAI [155] suggest that further investigation of this association is 

warranted.  

 

Gamma-hydroxybutyrate (GHB) 

 GHB could be associated with HIV/STI acquisition through three of the pathways 

in our theoretical framework. GHB is classified as a disassociative anesthetic [66] 

(Table 3) and may therefore result in a reduced ability to experience pain [99]. This in 

turn could increase the risk of physically traumatic sexual activity or increase duration of 
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activity or increase number of partners while intoxicated (Figure 1). Additionally, GHB 

results in an altered mental state, which can lead to decreased condom use [99]. GHB 

can also be administered through injection [66]. 

 Two cross-sectional and one longitudinal study that examined associations of 

GHB with HIV/STI risk met our criteria for inclusion (Table 4). In a study of 564 MSM 

recruited from San Francisco STI clinics, GHB use in the past two weeks was not 

associated with incident gonorrhea [161]. Among 1169 MSM who completed 

questionnaires at three different circuit parties in multiple locations in the United States, 

GHB use in the past 12 months was only marginally associated with UAI [71]. In the 

only longitudinal analysis to have examined GHB as a risk factor for UAI [155], GHB 

was associated with any UAI or insertive UAI, but only when used at the time of the 

sexual encounter. These data do not provide evidence for consistency, strength of 

association, temporality or a dose-response relationship. Available data suggest that 

GHB may not be a risk factor for HIV/STI infection, however more studies are needed to 

determine the status of the true association. 

 

Ketamine 

 Ketamine is a disassociative anesthetic (Table 3) that causes sedation and loss 

of muscle control [84;90]. Due to these properties, ketamine carries the risk of loss of 

physical control which may result in unwanted or unplanned sexual contact [83]. 

Ketamine could also result in increased tolerance to pain [106], which may lead to more 

sexual partners, longer duration of sexual contact and increased physical trauma. Both 

factors could result in a higher risk of HIV or STI acquisition. Additionally, ketamine may 

be administered through injection and therefore also carries parenteral risks for HIV 

acquisition. 
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 Despite growing concern about ketamine as a substance of abuse [81;162], only 

two studies met our criteria for inclusion, and they provide conflicting information. In a 

longitudinal study of 261 MSM in Vancouver [155] where 29 (11%) reported using 

ketamine, ketamine was associated with UAI or insertive UAI when used during sex or 

at any time. In contrast, a study of 1169 MSM who completed questionnaires at three 

different circuit parties in the United States, ketamine use at circuit parties over 12 

months (reported by 60% of participants) was not associated with UAI during the same 

time period [71]. The first of these two studies included both global and event level 

analyses, whereas the second included a situational level analysis, which may 

contribute to some of the differences. Due to the discrepant findings, no causal 

inferences can be drawn from these data and further studies are needed to clarify the 

role of ketamine in sexual risk behavior. 

 

Lysergic Acid Diethylamide (LSD) 

 In our theoretical framework, LSD would be a risk factor for HIV/STI acquisition 

through only one pathway (Table 3; Figure 1). The primary effect reported by users of 

LSD is hallucination, which may result in altering mental thoughts and choices, such as 

condom use [163].  

 Only one study was found which examined LSD and HIV/STI risk among MSM 

[155], although others reported on hallucinogen use in a non-specific manner [164-166]. 

In this study of 261 MSM from Vancouver, LSD was not associated with increased risk 

of UAI when used during sex or at any other time. However, in this sample, there was 

very little LSD use (n=26, or 10%). Since LSD is a commonly reported drug of abuse 

among MSM and youth [166-168], its role in HIV/STI transmission should be further 

assessed.   
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Flunitrazepam 

 Flunitrazepam has been reported to cause disorientation and dizziness which 

can result in an altered mental state [96;169], including amnesia, hypnosis and 

disinhibition [170], thereby exerting a potential influence on condom use or an increased 

number of sexual partners. Flunitrazepam is not a known vasodilator, nor has it been 

reported to increase sexual functioning, nevertheless several studies and reports have 

considered it a club drug [68;69;96;171-174].  

 No studies were found which examined associations between flunitrazepam use 

and HIV or STI risk among MSM. Additionally, data on flunitrazepam use among MSM 

was not found during our review of the literature. This may be due to the lack of 

popularity of flunitrazepam among MSM or the failure to examine its use in this 

population. 

 

Erectile dysfunction medications (EDMs) 

 Only a small number of studies that examine associations between erectile 

dysfunction medications (EDMs) and risk for HIV/STIs have been published; however 

growing evidence suggests that EDMs are being used as recreational drugs among 

MSM [59;111-113]. There has also been growing concern about the use of EDMs in 

combination with club drugs [114;175-178]. All of the studies on risk and EDM 

examined associations with sildenafil citrate (Viagra®) because the other erectile 

dysfunction medications (e.g. Cialis®, Levitra®) were not yet available at the time of 

data collection. EDMs could increase the risk of HIV/STI acquisition through 

vasodilation or through increased sexual functioning. Additionally, if mixed with other 

club drugs, the user may also experience an altered mental state or decreased 
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sensation of pain. However, EDMs alone do not directly affect mental functioning 

[179;180]. 

 Of ten studies on sildenafil citrate, all showed significant associations between 

use of sildenafil and HIV/STI risk behaviors, providing evidence of both consistency and 

strength of association. However, only five studies met our inclusion criteria since the 

remainder did not report adjusted risk ratios. Four studies examined risk behaviors 

among MSM and one examined risk behaviors of all men who were prescribed Viagra® 

at an HIV clinic. Two studies were conducted on MSM in San Francisco, one [181] 

demonstrated associations between UAI in the past 6 months and Viagra® use during 

that same time period (OR=2.45); the other [182] demonstrated associations between 

UAI and sildenafil use at circuit parties (OR=3.8). Additionally two studies using similar 

data of responses from Internet-using MSM revealed that Viagra® use was associated 

with UAI [183] or recent STI [184]. The remaining study among men attending an HIV 

clinic in San Diego [185] demonstrated associations between any sildenafil prescription 

written by the clinic in the past 12 months and unprotected, insertive intercourse (anal, 

vaginal and oral; OR= 3.0).  

 Nine of the ten sildenafil studies were cross-sectional, which does not allow for 

temporal inferences to be drawn. Studies meeting inclusion criteria either demonstrated 

an increase in risky sexual behavior or STI incidence by self-report, which may be 

suggestive of an increased risk of HIV acquisition, however, it is not sufficient to 

determine if sildenafil use is truly a risk factor for HIV transmission; longitudinal 

analyses are needed. Additionally, none of the pervious studies quantified amount or 

duration of use; without a measure of frequency of sildenafil use, it is difficult to 

establish evidence for a dose-response relationship.  
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Volatile nitrites 

 Volatile nitrites have a limited effect on the user’s brain (Table 3). Instead of 

direct disorienting effects, volatile nitrites can cause both increased blood flow to the 

brain and a drop in blood pressure [92], resulting in dizziness. They do not directly 

increase sexual functioning, although they can relax anal sphincter muscles [92] and 

may reduce pain, which could result in increased duration of sexual activity or number 

of sexual partners. Additionally, volatile nitrites are vasodilators. 

 Volatile nitrites have been studied as potential risk factors for HIV infection 

throughout the HIV epidemic due to their widespread use among MSM [166-168]. In the 

beginning of the epidemic, some researchers posited a causal role between volatile 

nitrites and Kaposi’s sarcoma [186]; however, this association is now considered to be 

confounded [186] by HIV status. 

  We found 17 studies that met our inclusion criteria, 13 demonstrated 

associations with acquisition of HIV/STI or risky sexual behavior and four did not, 

indicating good consistency and strength in association. In total, there were seven 

longitudinal studies, three case-control studies, and seven cross-sectional studies. Six 

of the seven of the longitudinal studies demonstrated associations between volatile 

nitrite use and an elevated incidence of STIs [187], HIV seroconversion [153;154;188], 

UAI with a sero-discordant or unknown status partner [45] or relapse in condom use 

during anal sex [168]; providing evidence for temporality. Additionally, those who 

reported volatile nitrite use over 6 years of follow-up [154]  were more likely to have HIV 

seroconversion (RR=2.49, 1.24-4.93) than non-users or recent nitrite user who did not 

have increased risk of seroconversion over non-users (RR=0.70, 0.16-3.07). This 

represents weak evidence of a dose-response relationship. Moreover, nitrites are used 
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for receptive anal intercourse, which may be more risky for HIV acquisition than 

insertive anal intercourse [118;153;189-193].   

 Although there is evidence that nitrites may be causally associated with HIV risk, 

this is a highly debated topic. In a study of all substance users, comparing those who 

always had UAI and those who always have protected sex, regardless of the influence 

of drugs, those who always reported protected sex were more likely to report nitrite use 

[194]. The strongest evidence against nitrites as a causative risk factor for HIV/STI is 

that they do not effect the mental functioning of the user and therefore do not affect 

decision making. Hence, studies which employ event-level and event-level case-

crossover methodologies to examine associations between nitrite use and UAI may be 

helpful in determining true causal relationship between HIV/STI and nitrites. 

 

E. Discussion 

        The study of drugs as causative risk factors for HIV and STI acquisition is complex. 

Our review indicates the need for: 1) consensus among researchers about which drugs 

are considered ‘club’ drugs; 2) studies which examine different drugs individually, rather 

than grouping them as ‘club’ drugs; 3) prospective studies that include adequate control 

of confounders; 4) studies which address associations between drug use and 

unprotected sexual activity using event-level and case-crossover methodologies; 5) 

studies which examine dose-response relationships between drug use and HIV/STI and 

6) improved measurement of the patterns of drug use, such as polydrug use.  

         One of the needs identified in this review was that of a consistent list of club drugs 

across studies and a more universal understanding that one definition may not 

encompass all of these drugs. This is important in both addressing research questions 

and avoiding misclassification. A recent study surveyed college students about their use 
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of club drugs [67], but did not define ‘club drugs’ for the students on the questionnaire, 

thereby leaving interpretation to the respondent which in turn can lead to 

misclassification of exposure. We suggest studying individual drugs and in studies 

where drug types or names may be confused, participants should be asked to describe 

how the drugs look and how they are administered. Use of street names may also lead 

to misclassification, as the street name may be the same for two different drugs or 

different drug combinations may be sold under the same name [171;195;196]. A 

thorough understanding of how drugs are administered, including needle sharing, may 

also be helpful in understanding causal associations between drug use and HIV 

infection. 

 We identified a large number of articles in which club drugs were combined and 

others which did not provide multivariate analyses. Methodologically, both of these 

types of analyses are not ideal in assessing associations between drug use and 

HIV/STI risk. Multivariate analyses that control for possible confounding effects are 

necessary to avoid spurious associations between drug use and HIV/STI acquisition. 

Similarly, different drugs have different mechanisms of action, and may pose a 

differential risk for HIV/STI acquisition, therefore combining drugs may lead to 

confounding. Additionally, current evidence suggests that use of more than one drug 

simultaneously ('polydrug' use) is common [197;198], club drug users tend to be 

polydrug users [110;199-202], and MSM who use recreational drugs may be more likely 

to be polydrug users [203]. Polydrug use has been associated with HIV-risk behaviors 

including: higher rates of UAI [168;204] as compared to non-users or single drug users 

among MSM; higher odds of sharing injection drug equipment among IDU [205]; more 

sexual partners among MSM [206]; greater likelihood of STI [198]; HIV-positive 

serostatus [198;206]; and more UAI among HIV positive MSM with sero-discordant 
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partners [131]. Polydrug use is often reported in combination with methamphetamine 

use [131;204;207]. Additionally, illicit drugs may be increasingly combined with sildenafil 

citrate in order to create a sexual-drug experience [114;175].  

A number of excellent reviews on drug use and sexual behaviors have been 

published [52;127;138;145;208-211], including those which review different types of 

methodologies that could assist in the understanding of associations between drug use 

and HIV/STI acquisition [145;209]. Leigh and Stall (1993) argue that global studies 

provide the least evidence of association, and event analyses provide the greatest. 

Rusch et. al. (2004) demonstrate the value of examining global and event level 

analyses within the same study and how associations may differ at each level 

depending on the drug used. Additionally, their study indicates that some drugs may be 

more likely to be associated with insertive or receptive UAI, which demonstrates the 

need for precise and detailed measurement and analysis.  

Global, situational or event studies do not rule out drug use as a marker of risky 

personalities [145]. In order to establish that a high-risk sexual event is associated with 

drug use, within-subject analyses, that compare times in which substances have and 

have not been used and the type of sex that occurs, should be conducted. Colfax et. al. 

(2004) conducted such a study, in which the last sexual encounter involving UAI and 

the last encounter with protected anal intercourse were compared, revealing that 

methamphetamine use was associated with UAI (Table 4). Such studies provide more 

evidence for determining causal association by restricting analysis to those who report 

variation in UAI and drug use since they can confirm temporal associations and dose-

response relationships. Even with such studies, it may be impossible to determine 

which behaviors are causal risk factors for HIV/STI seroconversion by examining the 

behavior at one point in time. While a greater number of sex partners is a well 
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established risk factor for HIV/STI acquisition [153;192;193;212], seroconversion 

typically only happens with one sexual partner and a given individual may come in 

contact with many HIV positive partners before seroconversion occurs. 

It is also important to employ different types of methodologies among many 

populations when determining causation. Ethnographic techniques may be helpful in 

understanding why drug use occurs and how drugs affect behavior [70;86;108;209], 

which can help to direct questions for observational studies. Such studies could also 

contribute in determining if drug use among subgroups of MSM, and other populations, 

occurs in preparation for pre-planned UAI (e.g., ‘barebacking’). Additionally, studies 

which examine behavior among drug-using populations [213-215], and between HIV 

serodiscordant couples may provide insight on the dynamics of disease spread, and 

may be helpful in determining how drug use may shape the sexual network. 

Examination of the same behaviors in different populations of MSM is also critical, as 

cohorts of MSM from the same urban centers may report very different risk behaviors 

[58]. Studies that address treatment of drug use or abuse and measure change in 

sexual behavior  [157;158;216] may be regarded as experimental studies (for the 

purpose of determining causality) and are helpful in determining if sexual risk behaviors 

are curtailed with cessation of drug use. 

In this review we identified pathways in which club drugs may be causally 

associated with HIV/STI and addressed the amount of causal evidence available for 

each of the club drugs identified. Methamphetamine and volatile nitrites are the most 

studied of these drugs; however, more longitudinal studies and event-level case-

crossover studies which address behavior in different settings with different partner 

types are needed. For the remaining drugs (MDMA, GHB, ketamine, LSD, 

flunitrazepam, and EDMs) more longitudinal and case-control studies need to be 
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conducted which provide larger sample sizes and address Leigh and Stall’s (1993) 

levels of analysis, in particular there is a need for longitudinal studies that examine 

situational, event level and event case-crossover associations. Further exploration into 

physiological changes in the body due to drug use that could increase the risk of 

HIV/STI acquisition also need to be explored, including depression and immune 

modulation. A small number of studies suggest that some club drugs, such as ketamine 

[217], MDMA [218], and flunitrazepam [219], may decrease immune functioning which 

could increase the risk of HIV/STI acquisition. For all drug types, there was a shortage 

of studies that quantify dose-response relationships between drug use and risky sexual 

behavior; such studies are needed to understand causal associations. In our review of 

the literature we also noted that the popularity and use of club drugs seems to be 

expanding from western countries to those in the east, such as China [220] and 

Southeast Asian countries [221-223], we therefore recommend studies which examine 

club drug use prevalence and HIV/STI risk factors in relation to drug use, especially 

methamphetamine, in all countries worldwide. Additionally, the associations between 

drug use and HIV/STI risk should be examined in the context of partner type, location of 

sexual encounter and dynamics of the partnership in which sexual contact occurs. 

Understanding of the associations between drug use and HIV/STI risk will be further 

elucidated through using many different methodologies to examine specific, detailed 

elements, while keeping in mind that the results will be applied to understanding 

causative associations and contribute to designing prevention interventions. 
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G. Glossary 

 Analogy. One of Hill’s nine criteria for causation. According to the criteria of 

analogy the causative model is consistent with similar models and alternative 

explanations have been considered. 

 Biological gradient. One of Hill’s nine criteria for causation. Biological gradient is 

also known as dose-response relationship. As the amount of exposure to the causal risk 

factor increases the likelihood of the outcome occurring increases. Some biological 

systems are not based on monotonic trends, but on threshold effects; under this 

circumstance biological gradient would not be a valid assessment. 

 Biological plausibility. One of Hill’s nine criteria for causation. Biological 

plausibility indicates that the association between the causal risk factor and the 

outcome should be plausible based on our current understanding of biology. While this 

criterion is important, it is based on the assumption that the current understanding of 

biology is correct. 

 Coherence. One of Hill’s nine criteria for causation. Coherence states that the 

proposed causal associations should not conflict with what is currently known about the 

natural history and biology of the outcome. 

 Consistency. One of Hill’s nine criteria for causation. Consistency refers to the 

consistency between studies, which also includes direction of association. The more 

conflicting the results (e.g., null risk ratios v. positive or negative risk ratios), the less 

evidence there is for a causal association; however, consistency can be affected by the 

quality of study methodology.  

 Event level association. In their 1993 manuscript Leigh and Stall (Leigh & Stall, 

Am. Psych. 48: 1035, 1993) use this term to describe studies which examine 
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associations between drug use at a specific sexual encounter and risky behavior at that 

same sexual encounter. 

 Event level case-crossover association. A term the authors created based on 

descriptions by Leigh and Stall (Leigh & Stall, Am. Psych. 48: 1035, 1993) for studies 

that compare event level associations between drug use and sexual activity within the 

same individual between times when the risky sexual behavior did or did not occur. This 

type of study has been used previously [224] and referred to as ‘participant-level’ 

analyses. 

 Experimental evidence. One of Hill’s nine criteria for causation. Animal or human 

experimental models support the association; prevention or cessation of the cause 

results in reduction in the probability of the outcome. 

 Fisting. Slang term used for sexual activity in which the hand and sometimes 

part of the arm is inserted into the rectum. This term is also used for inserting the entire 

hand into the vagina, but does not apply to this review article since it focuses on sexual 

activity between men.  

 Global association. A term used by Leigh and Stall (Leigh & Stall, Am. Psych. 

48: 1035, 1993) to describe studies which examine associations between risky behavior 

in general and substance use in general. Global association studies do not measure 

substance use at the time of sexual activity. We expanded this term to studies of 

general substance use and HIV/STI.  

 Hill’s criteria for causation. Nine criteria published by Sir Bradford Hill in 1965 to 

help assist researchers and clinicians determine if risk factors were causes of a 

particular disease or outcome or merely associated. The nine criteria are defined in this 

glossary and include: strength of association, consistency between studies, temporality, 
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biological gradient, biological plausibility, coherence, specificity, experimental evidence, 

and analogy. 

 Situational association. A term used to describe studies which examine 

associations between substance use during sexual activity (ever or by frequency) and 

risky sexual behaviors (within a given time frame or by frequency) (Leigh & Stall, Am. 

Psych. 48: 1035, 1993). As with global associations, we expanded this term to include 

studies which examined drug use during sexual activity within the follow-up period and 

STI incidence or HIV seroconversion in longitudinal studies. 

 Specificity. One of Hill’s nine criteria for causation. Specificity states that the risk 

factor must be the only cause for the outcome and the outcome must only occur in the 

presence of the causative factor. This criterion  is no longer held to be true and is no 

longer used to assess causation. 

 Strength of association. One of Hill’s nine criteria for causation. Strength of 

association refers to the size of the risk measure (e.g., relative risk, odds ratio, 

prevalence ratio). Associations with greater strength are more likely to be causal than 

those which are weaker. Strength of association may affected by the prevalence of one 

of multiple causal components which are required in concert to lead to the outcome 

[143]. If two components are required for the outcome to occur and only one is 

measured, associations between that which was measured and the outcome could vary 

between populations based on the prevalence of the unmeasured factor. 

 Temporality. One of Hill’s nine criteria for causation. Temporality refers to the 

risk factor preceding the outcome. Temporal order is the only criterion which absolutely 

must be met in order to establish cause; it can be viewed as a part of the definition of a 

causative agent. 

 Works. Slang term for all other equipment necessary to inject drugs. 
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Table 2-1: Definitions of ‘club’ drugs in current scientific literature 
Definition Drugs Included Focus of Paper Year References 

“a loosely defined category of drugs from different classes.. grouped 
due to their use at dance clubs and raves” 

MDMA, methamphetamine, ketamine Predictors of club drug use among college students. 2005 [67] 

Drugs that have been ”associated with the club scene” cocaine, crystal methamphetamine, amyl 
nitrites, MDMA, GHB, ketamine, Viagra® 

Drug use and UAI among Internet using MSM. 2005 [225] 

“a group of drugs used primarily by young adults often at all night 
dance parties called “raves”…” 

MDMA, GHB, ketamine, Flunitrazepam 
(Rohypnol®) 

Overview of club drug pharmacology 2005 [101] 

“a  broad array of legal and illegal substances with varying effects…” MDMA, GHB, ketamine, flunitrazepam 
(Rohypnol®), LSD, research chemicals (“2C 
T7”, “Foxy Methoxy”) 

Epidemiology of club drugs in Seattle 2005 [226] 

None provided Cocaine, MDMA, GHB, crystal 
methamphetamine, amyl nitrites, Viagra® 

Epidemiology of club drug use among Hispanic 
MSM in Miami, Florida  

2005 [227] 

“The substances NIDA was referring to include LSD, ecstasy, GHB, 
Ketamine, Rohypnol, methamphetamine, and psilocybin mushrooms 
and are collectively known as ‘club drugs’” 

LSD, MDMA, ketamine, flunitrazepam, 
methamphetamine, psilocybin mushrooms 

Demographic, risk behavior, home environment, and 
rave attendance differences among club drug and 
non-club drug using delinquent youth in Oregon 

2005 [228] 

“a wide range of substances, from stimulants to depressants to 
hallucinogens. The unifying classificatory principle is that these 
substances proliferated with a perceived association with club 
subcultures.” 

MDMA, ketamine, methamphetamine, GHB Club drug using youths’ perceptions of club drug 
risks 

2005 [229] 

“a relatively new classification of drugs that have been receiving a 
great deal of attention recently.” “The term ‘club drugs’ derives from 
the setting in which these substances are typically used… rater than 
any pharmacological properties..”  

MDMA, GHB, ketamine, methamphetamine Marijuana, alcohol and tobacco as predictors of club 
drug use among middle school children 

2005 [230] 

None provided MDMA, flunitrazepam, GHB, ketamine, LSD, 
methamphetamine, PCP 

Club drug use among ethnic minority  populations in 
New York City. 

2004 [173] 

Drugs used in late night dance clubs GHB, ketamine, MDMA, Rohypnol Toxic effects of club drugs. 2004 [65] 
None provided MDMA, ketamine, cocaine, crystal 

methamphetamine, GHB, marijuana, amyl 
nitrites 

Motivations for circuit party attendance. 2003 [129] 

“substances used in a recreational fashion to enhance social 
experience” 

MDMA, GHB, ketamine Review of club drugs and HIV risk behaviors among 
MSM. 

2003 [54] 

Drugs consumed in the “context of gay bars, dance clubs, sex parties, 
and bathhouses.” A distinct pattern of substance use among gay men 
who are “out”. 

cocaine, MDMA, methamphetamine, 
ketamine, GHB 

Reasons for club drug use among MSM. 2003 [70] 

No definition provided, but the settings of use are described as raves 
and circuit parties 

MDMA, GHB, ketamine, smart/power drinks 
(which contain caffeine or ephedrine) 

To describe “settings, demographic groups, and 
types of drugs that make up the ‘club scene’”. 

2002 [231] 

“chemical substances used recreationally in an attempt to enhance 
social experiences”. 

MDMA, flunitrazepam, ketamine, GHB Review of effects of club drugs. 2002 [96] 

“the drugs commonly taken to enhance the whole experience (circuit 
party)” 

alcohol, cocaine, MDMA, ketamine, 
methamphetamine, GHB, cocaine, marijuana, 
nitrites 

Drug use and  unsafe sex among MSM attending 
circuit parties. 

2001 [71] 

Drugs “used most often at all-night dance parties known as raves.” MDMA, GHB, flunitrazepam, ketamine, 
methamphetamine, LSD 

Review of MDMA and GHB as club drugs. 2001 [66] 

Drugs used by teens and young adults at all night dance parties 
(raves). Synthetic drugs used at raves. 
“Club drug list” referred to. 

LSD, MDMA, GHB, ketamine and other drugs, 
flunitrazepam, amphetamines, ephedrine 

Hearing on trafficking of club drugs before the 
United States House of Representatives. 

2000 [69] 

“a wide variety of drugs being used by young people at dance clubs, 
bars and all-night dance parties”. 

MDMA, flunitrazepam, ketamine, GHB, LSD Community information on club drugs provided by 
NIDA. 

2000 [68] 94 



 

 

Table 2-1: Definitions of ‘club’ drugs in current scientific literature (continued) 
 

Referred to as party drugs, “a group of substances that have become 
increasingly associated with high-risk sexual and drug taking 
behaviors”. 

MDMA and other hallucinogens; ketamine; 
GHB; cocaine; amphetamines; 
methamphetamine 

Drug use and HIV among MSM, education for 
nurses. 

2000 [232] 

Referred to as ‘dance drugs’; defined as drugs used at raves. MDMA, amphetamines, LSD, ketamine, 
cocaine, nitrites 

Examination of  patterns of drug use at a rave in 
Perth, Australia. 

1997 [64] 

UAI= unprotected anal intercourse  MSM= men who have sex with men  NIDA= National Institutes on Drug Abuse  MDMA= Methylendioxy-
methamphetamine  
GHB= Gamma-hydroxybutyrate  LSD= Lysergic acid diethylamide 
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Table 2-2: Potential criteria for grouping of drugs 
Criteria Examples 
Drug Class Psychomotor stimulant, opiate, etc. 
Physiological Effects Stimulant, depressant, hallucinogen, analgesic, etc. 
Method of administration Inhalant, injection, etc.  
Method of production Synthetic manufacturing, naturally occurring and chemically modified, 

naturally occurring 
Legal status Legal (medically controlled or freely distributed) or illicit 
Situation of use Party, club, rave, etc. 
Population using Teens, men who have sex with men, etc. 
Social effects Withdrawn, socially confident, sexually stimulated, etc. 
Myths/ perceptions Drug safety, drug effects, etc. 
Periodicity Drugs which are popular during certain time periods or eras 
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Figure 2-1: Theoretical model proposing drug use as a causative risk factor for HIV and STIs among MSM. Different club drugs can cause a range of effects (altered mental state, reduction of 
pain, enhancement of sexual function, vasodilation) on the human body that may result in: tissue damage or increased bleeding; reduction of condom use; increased number of partners or duration of 
sexual episode. Additionally, injecting drugs can result in needle or equipment sharing. The text in the circles on the light background in the ‘first layer’ represents the effects that club drugs can have on 
the user; the pentagon represents a risky mode of administration. The ‘second layer’ represented by boxes on the medium colored background are behaviors that may occur as a response to drug effects 
or routes of administration. Dashed lines represent theoretically plausible pathways which are likely to result in the next step but have yet to be confirmed. Solid lines represent well established pathways. 
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Table 2-3: Biological and social effects of ‘club’ drugs and pharmaceutical agents sometimes used as club drugs 
Drug Alternative Names Class Pharmacological Effects External Effects 
Methamphetamine Meth, Speed, Chalk, Crystal, Glass, 

Ice, Crank, Bennies, Black beauties, 
Dexies, Tina, Fire 

Stimulant Increases the release, blocks reuptake, and 
causes synaptic leak of serotonin 

Increased motor activity; anorexia; increased feeling of 
confidence and well-being; agitation; decreased fatigue; 
euphoria; increased respiration; hyperthermia; increased 
libido (at moderate doses); erectile dysfunction (at high 
doses) 

Methylendioxy-
methamphetamine 
(MDMA) 

Ecstasy, ‘E’, ‘X’, XTC, STP, Peace, 
Adam, Clarity, Eve, Lover’s speed, 
eccie 

Hallucinogen/ 
Stimulant. 

Increases the release and blocks reuptake 
of serotonin and possibly dopamine 

Increased feelings of euphoria and well-being; increased 
derealization and  depersonalization; increased anxiety; 
increased blood pressure and pulse; sexual arousal; 
increased awareness of emotions; tachycardia; bruxism; 
trismus; anorexia; hyperthermia 

Ketamine Special K, ‘K’, Kit kat, Cat valium, 
Vitamin K, Lady K, Ketaject 

Disassociative 
anesthetic 

Causes CNS depression through binding 
with the following receptors: NDMA, non-
NDMA glutamate; nicotinic; muscarinic 
cholinergic; monoaminergic; opioid 

Analgesia; amnesia; immobility; sedation; complete 
dissociation from environment 

Gamma-
hydroxybutyrate (GHB) 

Blue nitro, Liquid ecstasy, Liquid X, 
Liquid E, Georgia home boy, 
Grievous bodily harm, G-Riffick, 
Soap, Salty water, Somatomax, 
Organic qualude, Fantasy, cherry 
meth, soap, Growth Hormone 
Boosters, Gamma OH 

Disassociative 
anesthetic 

Exact action on CNS undetermined; likely to 
act on the cerebral cortex rather than the 
reticular activating system; anesthetic and 
hypnotic properties, no analgesic effects. 

 Bradycardia; reduced respiratory rate; amnesia; 
drowsiness; euphoria; hypotonia 

Flunitrazepam Roofies, Rohypnol, Rophies, Rope, 
Roche, Circles, R2, Wolfies, Mexican 
valium, Forget me pill 

Sedative Facilitates the functioning of GABA by 
binding to the receptor, causing an ion 
channel cascade which results in reducing 
the ability for the neuron to fire. 

Muscle relaxation; hypnotic effects; amnesia; dizziness; 
confusion; hypotension 

Lysergic acid 
diethylamide (LSD) 

Acid, Alice, Tabs, Trips, Blotter, 
Boomers, Microdot, Yellow sunshine 

Hallucinogen Incompletely understood; LSD binds to 
serotonin receptors and effects the raphe 
nuclei and reticular activating area of the 
brain which controls sensory input 

Synaesthesia; intensification of sensory input; loss of depth 
perception; intensification of thoughts and value of thoughts; 
hallucination; paranoia 

Volatile nitrites Poppers, Snappers, Aroma of men, 
Rush, Stud, Hardware, Locker room, 
Liquid gold, Climax 

Inhalant No CNS effects; possible dizziness 
experienced from shortage of oxygen to the 
brain. 

Relaxation of smooth muscles; vasodilation; pooling of blood 
in lower extremities; lower blood pressure 

Sildenafil citrate Viagra, sildenafil Prescription 
Drug. 

Acts by inhibiting cyclic guanosine 
monophosphate (cGMP) in all body tissue 

Increased blood accumulation in the penis during sexual 
arousal and slower relaxation of the corpus cavernosum 
muscles post ejaculation 
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Table 2-4: Studies examining ‘club’ drug use and HIV/STI risk 
Drug Reference Design n Location Inclusion/Exclusion       Associations Association 

Type 
Methamphetamine [105] Cross-sectional 4943 Pittsburgh; 

Baltimore; 
Los Angeles; 
Chicago; (USA) 

Multi-center AIDS Cohort Study 
(MACS) participants 

Methamphetamine use in the last 2 years and 
prevalent HIV sero-positivity: OR=1.53 (1.23, 1.91) 

Global 

 [233] Cross-sectional 258,56
7 

California 
(USA) 

HIV testers at funded sites 
between July 1, 1994 and 
December 31, 1995; 
 
 ~13% MSM 

Used methamphetamine during sex and: 
• Condom use during insertive anal sex: 

OR=0.5 (0.3, 0.6)  
• Condom use during receptive anal sex: 

OR=0.5 (0.4, 0.7) 
• Paid for sex: OR=3.3 (2.1, 5.0) 
• Were paid for sex: OR= 4.3 (3.3, 4.9) 
• Sex with known IDU: OR=5.0 (3.6, 6.9) 
• HIV positive: OR=1.9 (1.3, 2.9) 

Situational 

 [234] Cross-sectional 908 Los Angeles 
(USA) 

MSM in West Hollywood who 
agreed to participate in street 
outreach 

Current methamphetamine use and: 
• Recent sexual contact with IDU: 

OR=2.75 (1.62-4.65) 
• Recently selling sex: OR=1.48   (0.93-

2.35) 
• Recently Injecting drugs: OR=57.0 
        (28.3-114.2) 

Global 

 [182] Cross-sectional 295 San Francisco 
(USA) 

Adult men who self-identified as 
gay or bi-sexual; worked or lived in 
San Francisco; attended at least 
one circuit party past 12 months 

Had UAI with sero-discordant or unknown status 
partner and used crystal methamphetamine during 
circuit party weekend: 
OR= 2.4 (1.1-4.9);p=0.021 

Global 

 [71] Cross-sectional 1169 United States Men attending any of three circuit 
parties 

UAI and crystal methamphetamine use during 
sexual activity  past 12 months: OR=1.40 (0.87-
2.24) p=0.085 

Situational 

 [235] Cross-sectional 564 Seattle 
(USA) 

HIV negative STD clinic patients HIV negative MSM were 2.3 (1.2-4.4) more likely 
to report methamphetamine use during sex if they 
had an HIV positive partner in the past 2 months 

Situational 

 [224] Cross-sectional 4295 Boston; Chicago; 
Denver;  
New York;  
San Francisco; 
Seattle 
(USA) 

HIV negative MSM participating in 
EXPLORE 

UAI with sero-discordant partner last sex and: 
• used methamphetamine just before 

last sex: OR=1.5 (1.1-2.0) 
• partner used drugs before sex OR=1.5 

(1.2-2.0) 
• used methamphetamine in last 6 

months < 1/week: OR=1.4 (1.2-1.7) 
• used methamphetamine in last 6 

months 1/week +: OR=2.0 (1.3-3.1) 

Global 
  
Event Cross-
over 

 [184] Case-control 2643 United States Self-selected Internet sample of 
MSM  

Methamphetamine use before or during sex past 6 
months and self-reported incident STD: OR=2.0 
(1.1, 3.8) 

Situational 
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Table 2-4: Studies examining ‘club’ drug use and HIV/STI risk (continued) 
 
Drug Author Design n Location Inclusion/Exclusion       Associations Association 

Type 
Methamphetamine [155] Longitudinal  

(6 years) 
261 Vancouver 

(Canada) 
HIV negative MSM 18-30 in 
Vanguard study; who attended at 
least one study visit for each 2 
year study period for 6 years 

• Crystal MA use during sex and UAI: 
OR=1.75 (1.0, 3.05) 

• Crystal MA use anytime and UAI: 
OR=1.57 (1.12,2.19) 

• Crystal MA use during sex and IUAI: 
OR=1.74 (1.05,2.91) 

Global 
Event  

Amphetamine [161] Cross-sectional 564 San Francisco 
(USA) 

Any MSM screened for rectal 
gonorrhea at the San Francisco 
City STD clinic from February to 
October 2000  

Rectal gonorrhea by culture associated with 
amphetamine use during sex past 2 weeks: 

• HIV-: PR=3.7 (1.1, 9.4) 
• HIV+: PR=1.8 (0.5, 4.9) 

Situational 

 [156] Cross-sectional 3316 San Francisco; Los 
Angeles; 
Seattle; Dallas; 
Miami; 
Baltimore; 
New York;  
(USA) 

Participants of the Young Men’s 
Survey 

HIV prevalence and amphetamine use during sex 
past 6 months: OR=0.83 (0.46, 1.5) 

Global 

 [152] Longitudinal  
(1 year) 

492 Sydney, Australia MSM from Sydney general medical 
practices and outpatient clinics 
participating in the Sydney AIDS 
Project 

Amphetamine use during the 1 year follow-up 
HIV seroconversion: RR= 4.8 (2.2-10.5) p<0.001 

Global 

 [153] Longitudinal 378 Amsterdam 
San Francisco 
Vancouver 
Sydney 

All MSM who seroconverted in the 
Tricontinental Seroconverter Study 
between 1982 and 1994 

HIV seroconversion and amphetamine use during 
seroconversion using participant as own control: 
RR=2.50 (1.24, 5.04) 

Global 

 [154]  Longitudinal  
(6 years) 
 

337 San Francisco 
(USA) 

In SFMHS Cohort;  
HIV negative at baseline; 
Data from at least 2/3 of interviews 

HIV seroconversion associated with 
• Amphetamine use over follow-up 
        RR= 2.89 (1.36, 6.16) 
• New amphetamine users  
        RR= 1.02 (0.24, 4.41) 
 

Global 

MDMA  [71] Cross-sectional 1169 San Diego 
(USA) 

Men attending any of 3 circuit 
parties 

UAI and MDMA use during sex past 12 months: 
 OR=0.68  (0.41-1.15) p=0.075 
 

Situational 

 [160] Cross-sectional 733 New York City 
(USA) 

Sampling from zipcodes with high 
MSM residency based on 
businesses, etc; 18 years or older, 
report sex with a man since age 14 
or self-identify as gay or bisexual 

UAI in past and: 
• MDMA use ever: OR=2.34 (1.3, 4.2) 
 

Global 
 

 [161] Cross-sectional 564 San Francisco 
(USA) 

Any MSM screened for rectal GC 
at the San Francisco City STD 
clinic from February to October 
2000  
 

Ecstasy during sex use past 2 weeks and rectal 
gonorrhea among HIV-: OR=1.2 (0.1, 4.6) 

Situational 

  [152] Longitudinal  
(1 year) 

492 Sydney, Australia 
 

MSM from Sydney AIDS Project MDMA use during the 1 year follow-up and HIV 
seroconversion: RR= 2.6 (0.8-8.4) p=0.11 

Global 
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Table 2-4: Studies examining ‘club’ drug use and HIV/STI risk (continued) 
 
Drug Author Design n Location Inclusion/Exclusion       Associations Association 

Type 
MDMA [155] Longitudinal  261 Vancouver, 

Canada 
MSM 18-30 in Vanguard study; 
HIV-;  attended at least one study 
visit for each 2 year study period 
for 6 years 

MDMA use during sex and: 
• UAI OR=1.88 (1.2, 2.95) 
• RUAI OR=1.85 (1.22,2.79) 
• IUAI OR=1.53 (1.01,2.33) 

MDMA use any use time and: 
• UAI OR=1.57 (1.12,2.19) 
• RUAI OR=1.69 (1.23,2.32) 

Global 
Event 
 

GHB  [71] Cross-sectional 1169 San Diego 
(USA) 

Men attending any of 3 circuit 
parties 

UAI and GHB use during sex  past 12 months: 
OR= 1.45 (0.90-2.32) p=0.064 
 

Situational 

 [161] Cross-sectional 564 San Francisco 
(USA) 

MSM screened for rectal 
gonorrhea at City STD clinic 
February to October 2000  

Rectal gonorrhea by culture and GHB use during 
sex past 2 weeks: HIV- PR= 0.9 (0.02, 5.4);   
HIV+ PR=1.8 (0.04, 18.3) 

Situational 
 
 

 [155] Longitudinal  261 Vancouver, 
Canada 

MSM 18-30 in Vanguard study; 
HIV-;  attended at least one study 
visit for each 2 year study period 
for 6 years 
 

GHB use during sex and: 
• UAI OR=1.98 (1.01, 3.87) 
• IUAI OR=2.14 (1.13, 4.03) 

Global 
Event 

Ketamine  [71] Cross-sectional  1169 San Diego 
(USA) 

Men attending any of 3 circuit 
parties 

UAI and ketamine use during sex past 12 months:  
OR= 0.76 (0.45, 1.29) p=0.157 
 
 

Situational 

 [155] Longitudinal  261 Vancouver, 
Canada 

MSM 18-30 in Vanguard study; 
HIV-;  attended at least one study 
visit for each 2 year study period 
for 6 years 

Ketamine use during sex and: 
• UAI OR= 2.17 (1.08,4.33) 
• IUAI OR=2.05 (1.09,3.87) 

Any ketamine use and: 
• UAI OR=1.80 (1.06,3.08) 
• IUAI OR=1.76 (1.06,2.90) 

Global 
Event 

 
Flunitrazepam 

 
NO STUDIES CONDUCTED 
 

   

LSD [155] Longitudinal  261 Vancouver, 
Canada 

MSM 18-30 in Vanguard study; 
HIV-;  attended at least one study 
visit for each 2 year study period 
for 6 years 

LSD use during sex or any time was not 
associated with any type of UAI by any type of 
partner 
 

Global 
Event 

Sildenafil [182] Cross-sectional 
 

305 San Francisco 
(USA) 

Community recruited MSM who 
reported attending a circuit party 
previous 12 months 

UAI with sero-status unknown partner and used 
sildenafil at a circuit party OR=3.8 (2.0, 7.3) 

Situational 

 [185] Cross-sectional 439 San Diego 
(USA) 

Male HIV clinic patients Sildenafil prescription from the clinic past 12 
months and 

• Unprotected insertive sex (vaginal, 
anal or oral) OR=3.0 

• More than one sex partner OR=4.5 

Global 

 [181] Cross-sectional 
 

837 San Francisco 
(USA) 

Community recruited MSM UAI with serostatus unknown partner and sildenafil 
use past 6 mo OR= 2.45 (1.4,4.3)  
 

Situational 
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Table 2-4: Studies examining ‘club’ drug use and HIV/STI risk (continued) 
 
Drug Author Design n Location Inclusion/Exclusion       Associations Association 

Type 
Sildenafil [183] Cross-sectional 2,916 United States Self-selected Internet sample of 

MSM 
UAI within the prior 6 months was associated with 
Viagra use during that time period: OR=1.5 (1.1-
2.2) 

Situational 

 [184] Case-control 2643 United States Self-selected Internet sample of 
MSM  

STD within the prior 6 months was associated with 
Viagra use during that time period: OR=2.1 (1.2-
3.7) 
 

Situational 

Volatile Nitrites [236] Cross-sectional 106 Milwaukee; 
Wisconsin; (USA) 

Recruitment strategies unspecified UAI in past 3 months was associated with nitrite 
use prior to sex in the past year OR=22.76 
(p=0.003) 

Situational 

 [119] Cross-sectional 439 Vancouver, 
Canada 

MSM recruited from medical 
services who had not received a 
positive HIV test (Vanguard) 

UAI with casual male sex partners in the pervious 
year associated with use of nitrite inhalants during 
that time OR=2.30 (1.53-3.45) 
 

Global 

 [164] Cross-section 3220 Boston; New 
York;Chicago; 
Denver; San 
Francisco; Seattle 
(USA) 

HIV negative MSM in VPS study UAI with more than 1 partner in the past 6 months 
was associated with: 

• Some vs. none nitrite use past 6 mo: 
OR=1.61 (1.35-1.92) 

• Heavy vs. none nitrite use past 6 mo: 
OR=2.18 (1.48-3.20)  

Global 

 [237] Cross-sectional 466 Edinburgh, 
United Kingdom 

MSM in gay oriented venues. UAI with sero-discordant or status unknown 
partner was associated with nitrite use: 

• At last sex  OR=2.40 (1.42-4.05) 
• Over past 3 mo.: OR=3.56 (1.7, 7.1) 

Event 
Global 
 

 [235] Cross-sectional 564 Seattle 
(USA) 

STD clinic patients; all HIV 
statuses, 564-HIV negative 

HIV negative MSM were not significantly more 
likely to report sex with a positive partner in the 
past 2 months if using nitrites OR=1.5 (0.9-2.6) 
 

Situational 

 [161] Cross-sectional 564 San Francisco 
(USA) 

Any MSM screened for rectal 
gonorrhea at the San Francisco 
City STD clinic from February to 
October 2000  

Rectal gonorrhea by culture not associated with 
nitrite  use past 2 weeks: 

• HIV-: PR=2.5 (0.8-6.2) 
• HIV+: PR=1.3 (0.3-3.7) 

Situational 

 [156] Cross-sectional 3316 San Francisco; Los 
Angeles; 
Seattle; Dallas; 
Miami; 
Baltimore; 
New York; (USA)  

Participants of the Young Men’s 
Survey 

HIV prevalence and nitrate use during sex past 6 
months: OR=1.5 (0.71, 3.0) 

Global 

 [238]  Case-control 459 San Francisco 
(USA) 

Any MSM resident of San 
Francisco who were diagnosed 
with AIDS prior to April 1984, and 
neighborhood and clinic controls 
who were HIV negative. 

Number of nitrite inhalant ‘hits’ per month and 
prevalent HIV infection: 

• Neighborhood controls: OR=2.2 
(p=0.16) none vs. 1-65 ‘hits’ per 
month; OR=5.7 (p=0.04) none vs. >65 
‘hits’ 

• Clinic controls: OR=1.4  (p=0.57) 
none vs. 1-65 ‘hits’ per month; 
OR=9.1 (p=0.09) none vs. >65 ‘hits’. 

Global 
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Table 2-4: Studies examining ‘club’ drug use and HIV/STI risk (continued) 
 
Drug Author Design n Location Inclusion/Exclusion       Associations Association 

Type 
Volatile Nitrites [239] Nested case-

control 
481 Boston 

(USA) 
MSM with and without an AIDS 
diagnosis seen at Deaconess 
Hospital or Fenway Community 
Health Center between May 1985 
and December 1988 and their 
sexual partners 

Associations between AIDS diagnosis and 
receptive UAI within the past 5 years with: 

• No simultaneous nitrite use: OR= 9.0 
(2.5-32.1) 

• Some simultaneous nitrite use: 
OR=7.1 (2.1-23.6) 

• 100% simultaneous nitrite use: 
OR=31.8 (12.9-76.7) 

Situational 

 [240] Nested case-
control 

456 Chicago 
(USA) 

MACS Cohort seroconverters and 
randomly selected controls 

Use of amyl nitrites in the 6 months prior to the 
sero-conversion visit: OR=2.89 (1.37, 6.08)  

Situational 

 [241] Longitudinal 125 Boston 
(USA) 

HIV negative, sexually active MSM 
attending a Boston health center 
and completed 7 visits 

Higher risk sexual practices was not associated 
with continuation of nitrite use: RR=1.24 (0.83, 
1.84) 

Global 

 [168] Longitudinal 1005 Chicago 
(USA) 

MACS Cohort Relapsing from using condoms for all anal 
intercourse to not using condoms was associated 
with nitrite use: OR=5.64 (2.07, 15.35) 

Global 

 [153] Longitudinal 378 Amsterdam 
San Francisco 
Vancouver 
Sydney 

All MSM who seroconverted in the 
Tricontinental Seroconverter Study 
between 1982 and 1994 

HIV seroconversion and nitrite use: OR=2.55 
(1.26, 5.15) 

Global 

 [154]  Longitudinal  
(6 years) 
 

337 San Francisco 
(USA) 

In SFMHS Cohort;  
HIV negative at baseline; 
Data from at least 2/3 of interviews 

HIV seroconversion associated with 
• Nitrite use over follow-up 
        RR= 2.49 (1.24, 4.93) 
• But not new nitrite users  
        RR= 0.70 (0.16, 3.07) 

Global 

 [187] Longitudinal 578 Seattle  
(USA) 

Community recruited HIV negative 
MSM who engaged in anal sex in 
previous 12 mo 

Those who reported nitrite use during follow-up 
were 3.1 (1.4-6.6) times more likely to incident 
STD in 12 month follow-up. 

Global 

 [45] Longitudinal 510 San Francisco 
(USA) 

San Francisco Young Men’s 
Health Study 

UAI with serodiscordant or unknown status partner 
was associated with use of nitrites past 12 mo: 
OR=5.16 (1.58-16.84) 
 

Global 

 [188] Longitudinal 3257 Boston; 
Chicago; 
Denver; 
New York; 
San Francisco; 
Seattle 
(USA) 

MSM enrolled in the HIVNET 
Vaccine Preparedness Study 

HIV Seroconversion was associated with nitrate 
inhalant use during sex in the 6 months prior to 
seroconversion: OR=2.2 (1.4-3.7) 

Situational 

OR=odds ratio   RR=relative risk    PR=prevalence ratio   MSM= men who have sex with men 
UAI= unprotected anal intercourse IUA= insertive unprotected anal intercourse   RUAI=receptive anal intercourse  MDMA= Methylendioxy-methamphetamine  
GHB= gamma-hydroxybutyrate  LSD= lysergic acid diethylamide 
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Table 2-5: Evidence for meeting Hill’s criteria for causation by drug type 
 Causal Criteria 
Drug Strength Consistency Temporality Biological 

Gradient 
Plausibility Coherence Specificity Experimental 

Evidence 
Analogy 

Methamphetamine +++ +++ ++++ ++ ++++ ++++ 0 ++++ ++++ 
                
MDMA + + 0 0 +++ +++ 0 0 ++++ 
                
Ketamine + + 0 0 +++ ++ 0 0 ++ 
                
GHB + + 0 0 +++ ++ 0 0 ++++ 
                
LSD 0 0 0 0 ++ + 0 0 0 
                
Flunitrazepam 0 0 0 0 ++ + 0 0 0 
                
Sildenafil +++ ++++ 0 0 +++ +++ 0 0 0 
                
Volatile Nitrites 
      

+++ +++ +++ +++ ++ ++ 0 0 0 

*0= no evidence to meet criterion  
+ = very poor evidence to meet criterion      ++ = some evidence to meet criterion        +++ = good evidence to meet criterion ++++ = very strong evidence 
available to meet criterion 
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III. METHODS 

 

 The methods described in this chapter were applied to manuscripts 2 and 3. All 

of the data for these two studies came from the Acute Infection and Early Disease 

Research Program (AIEDRP). Data were derived from a baseline computer assisted 

survey instrument (CASI) that was implemented in May of 2002. These data represent a 

cross-sectional study design, but incorporate repeated measures. The study protocol for 

data collection was approved by the institutional review boards (IRB) of  University of 

California, San Diego (UCSD), University of California, Los Angeles (UCLA), Harbor 

UCLA Hospital, and Cedar-Sinai Hospital. All participants completed informed consent 

prior to study participation. Additionally, analysis of data for manuscripts 2 and 3 was 

approved by the San Diego State University IRB in accordance with joint doctoral 

program regulations.  

  

A. The Acute Infection and Early Disease Research Program (AIEDRP) 

 AIEDRP is a multi-site research network funded by the Division of AIDS (DAIDS) 

and the National Institutes of Allergy and Infectious Diseases (NIAID) [1]. Established in 

1997, the primary research goal of AIEDRP was to increase the understanding of the 

natural history of HIV disease through identifying people with acute (0-30 days) and 

early (1-12 months) HIV infection and monitoring their disease progression through 

periodic collection of biological samples. Currently, the AIEDRP network consists of 

nine independent sites, eight funded by NIAID and one additional site that receives 

funding from other sources. Each site may have satellite sites in other cities in the 

United States or other countries throughout the world.  
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 Currently, AIEDRP investigators conduct both local research studies at their 

individual sites and cooperative research studies that share data between sites. The 

data for this dissertation comes from an independent project conducted at the UCSD 

AIEDRP site and its satellite site at UCLA. All participants and individuals screening for 

potential participation in San Diego are seen at the Antiviral Research Center (AVRC) 

and in Los Angeles are seen either at Harbor Hospital UCLA or Cedar-Sinai, Culver 

City. 

 

B. Recruitment of Participants  

Recruitment of potential participants is conducted in a similar manner in San 

Diego and Los Angeles. The methods employed are used to identify the largest 

possible number of individuals who are experiencing acute or early HIV infection. Due 

to longer duration of data collection, smaller county size, and greater financial feasibility, 

the San Diego site conducts more intensive recruitment than Los Angeles. 

In San Diego, recruitment for AIEDRP is conducted under the study name, “First 

Choice”. Brochures and business cards are distributed in multiple locations and 

connections are made with community organizations, medical and psychological 

providers, substance abuse programs, clinics, and hospitals. First Choice brochures 

(Figure 3-1) and business cards (Figure 3-2) are distributed to bars, bathhouses, gay 

oriented events, and community organizations that cater to gay identified men and MSM 

in order to establish recognition in the community for self-referral or friend-referral to the 

AVRC. Additionally, brochures and business cards are displayed at San Diego County 

(SDC) HIV testing sites, SDC sexually transmitted disease (STD) clinics, substance 

abuse programs, emergency rooms and other medical locations and physician’s offices 
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where individuals may potentially be diagnosed with HIV. In addition to providing 

recruitment materials, seminars, informational dinners, and trainings are arranged for 

HIV test site counselors, STD clinic staff, and physicians who may diagnose or treat 

people who become infected with HIV. AVRC researchers and staff also provide 

community education and raise awareness through presentations and organization and 

management of community support and advisory groups. These efforts have created 

effective community ties that provide multiple avenues of recruitment for the 

AIEDRP/First Choice study in San Diego.  

Individuals who are referred to the First Choice study most often initiate contact 

with the AVRC. Those who contact the AVRC (usually by telephone) are screened by 

an AIEDRP nurse, outreach staff, or physician to determine if they are a good candidate 

to receive HIV RNA screening to determine if they are eligible for AIEDRP enrollment. 

Candidates who are selected for HIV RNA screening are those who are deemed likely 

to have acute or early HIV infection. These individuals meet one of the following 

conditions: 1) they exhibit primary HIV symptoms (Table 3-1) and report high-risk sexual 

behavior; 2) they report unprotected sexual contact with either a partner who is known 

to have HIV or a partner of unknown status who has a high probability of having HIV; 3) 

they have tested positive for the first time outside of the AVRC and had a negative HIV 

test within the last year; or 4) they are asymptomatic, but report an “extreme” high risk 

exposure, such as physically traumatic penetrative anal contact during non-consensual 

sex. If the individual is eligible, a RNA PCR screening appointment is made.  

In Los Angeles, a smaller number of individuals are referred to AIEDRP 

annually. Participants are recruited in much the same way as San Diego; however there 

is less physician referral. Additionally, the site in Los Angeles experiences competition 

with other investigators that recruit recently HIV infected individuals for their research 
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studies. Similar procedures to San Diego are followed in Los Angeles. Interested 

participants contact the study by telephone and are screened for HIV infection using 

HIV RNA PCR.    

When potential participants contact the San Diego site a screening form is 

generated by the screen coordinator. When this form is filled in completely, information 

on how the individual was referred to the AVRC, age, sex, ethnicity, and employment is 

obtained. Between May 2002, when the CASI questionnaire was added to the San 

Diego AIEDRP site, and November 2005, the date at which collection of data for 

manuscripts 2 and 3 ceased, 575 individuals who contacted the First Choice study were 

considered eligible for HIV RNA screening. During the second half of 2002, either no 

information on how patients were referred was collected or the screening form was not 

available (Table 4-2). Data were collected on referral source for more than half of the 

individuals who contacted the first choice study and were eligible for screening in 2003 

(62.3%), 2004 (59.7%), and 2005 (54.6%). For all years that data were collected, the 

largest proportion of referrals came from one of the San Diego County Health and 

Human Services public HIV and STD screening sites (16.7 % in 2003, 17.5% in 2004, 

19.3% in 2005). Most people were referred from the HIV screening site located closest 

to the AVRC in the region of San Diego known as Hillcrest, an area of San Diego that is 

historically a gay and lesbian community. The second largest proportion of referrals 

came from community physicians and health care facilities, such as hospitals, in 2003 

(14.8%) and 2004 (16.1%), but not in 2005 (8.4%). In 2005, the second largest 

proportion of referrals came from other patients who were enrolled in the study, friends, 

or sexual partners (12.6%), which was also a common referral source in 2003 (13.0%) 

and 2004 (10.1%). Fewer people were referred by community organizations, such as 

Being Alive and the Lesbian, Gay, Bisexual, and Transgendered Center, or those who 
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are affiliated with the UCSD AVRC in all years. The least common referral source 

reported for any year was self-referral (4.2% in 2003, 2.0% in 2004, 2.5% in 2005). Data 

on referral source of participants in Los Angeles was not collected. 

 

C. Screening of Participants 

Study appointments are scheduled for all individuals who are considered from 

their telephone screen to be at risk for acute or early HIV infection and are therefore 

eligible for HIV RNA screening. At their first visit, potential AIEDRP participants are 

consented, counseled by a nurse or screening staff, and their blood is drawn for HIV 

testing. The consent form for study screening is the full consent form to participate in 

the AIEDRP study and includes HIV serology testing, regular future visits, blood-draws, 

and all interviews (including CASI). The consent explains that patients will only continue 

on the study if they are diagnosed with acute or early HIV infection.  

After patients are consented, they receive standard pre-test counseling for HIV 

testing according to Centers for Disease Control and Prevention (CDC) guidelines [2] 

and their HIV acquisition risks are discussed. Blood is drawn for HIV ribonucleic acid 

(RNA) testing by polymerase chain reaction (PCR), HIV antibody testing by Western 

Blot, HIV antibody testing by sensitive and less sensitive (detuned) enzyme-linked 

immunoassay (EIA), and other HIV related tests, such as CD4 T-cell count. Participants 

are scheduled for an appointment to receive their test results the following week. The 

HIV RNA, Western Blot, and EIA tests are used in conjunction with any previously 

documented test results to determine eligibility of the participants for AIEDRP.  

At their second visit, patients receive their HIV test results and post-test 

counseling. Patients who are HIV negative by RNA PCR testing and have negative EIA 

and Western Blot are not eligible for enrollment into AIEDRP since they are not HIV 
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infected. These subjects are counseled on safer sexual practices and may be referred 

to other study protocols. Patients whose test results reveal that they have had HIV 

infection for more than 12 months are not eligible for AIEDRP because they have 

prevalent HIV infection rather than acute or early infection. These patients are informed 

of their diagnosis, provided post test counseling, and are referred to HIV organizations, 

support groups, physicians, and other studies for which they may be eligible.  

Patients who have acute or early HIV infection (defined in section E) are told of 

their diagnosis, assigned an AIEDRP nurse, and are scheduled for a series of follow-up 

appointments. During this visit or one of the next three follow up visits at weekly 

intervals, AIEDRP participants are asked to complete the CASI. In San Diego, all 

English speaking participants were invited to complete the CASI, however in Los 

Angeles about one third of AIEDRP participants were not asked to complete CASI due 

limitations of space or time (for comparisons of non-participants to participants see 

section F: Study Population). All patients on the AIEDRP study are followed up 

indefinitely, every week for the first four weeks, then every four weeks for the next 20 

weeks, and every eight to 12 weeks there after.  

 
 
D. Laboratory HIV Tests used for Inclusion and Exclusion 

 As mentioned in the previous section, blood is drawn on potential participants for 

HIV testing by the following methods: HIV RNA testing by PCR, HIV antibody testing by 

Western Blot, and HIV antibody testing by sensitive and less sensitive (detuned) EIA. 

Each of these methods is used to provide unique information that allows for 

confirmation of HIV infection and determination of estimated date of infection. 

 HIV RNA testing is used to detect HIV viral RNA sequences in the plasma from 

patients. HIV RNA PCR has the highest specificity of all HIV tests and the sensitivity is 
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high for HIV subtypes A-G of group M. HIV RNA testing for the San Diego and Los 

Angeles AIEDRP cohorts was conducted using the commercially available Amplicor 

Assay (Roche Molecular Systems). According to Amplicor kit instructions, PCR is used 

to amplify HIV RNA in plasma, which is then quantified to determine HIV copy number.  

 Western Blots were conducted using a commercially available test kit 

(Cambridge Biotech). Western Blot is used to detect host antibody proteins against HIV 

[3]. This is accomplished by standard Western Blot technique wherein HIV antibody 

proteins are separated on a cellulose membrane by molecular weight and is probed by 

a solution that is made from the patients’ blood sample. Binding to the membrane will 

occur at each HIV antibody protein site if that antibody is present within the patient’s 

serum. Western Blot has been historically used as a confirmatory test for EIA positive 

tests. This is because Western Blot has a higher specificity than EIA, but a lower 

sensitivity.  

 There were two classes of EIA used to detect HIV, the commercially available 

HIV EIA and the less sensitive “detuned” EIA. The commercially available HIV EIA used 

in this study was manufactured by Abbott Laboratories. This EIA was developed to 

detect IgG and IgM antibodies against HIV-1 and HIV-2 [4]. This class of EIA is the 

standard test used to detect HIV in typical HIV testing and counseling sites. HIV EIA, 

like Western Blot, tests for host antibodies against HIV, however EIA detects simple 

binding of antibody in general and does not help to specify which antibody proteins 

have been activated. The less sensitive or detuned EIA was developed as a method for 

detecting incident HIV infection [5]. The detuned EIA is not a commercially available test 

kit. Detuned EIA is conducted by modifying the procedures for the commercially 

available HIV EIA to make detection of antibodies less sensitive as previously described 

[5].     
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E. Inclusion and Exclusion Criteria, Definition of Acute and Early Infection, and 

Estimated Date of Infection 

 Inclusion and exclusion criteria for the San Diego AIEDRP site (and the partner 

site in Los Angeles) apply to the entire AIEDRP network, as the overall goal is to 

identify people within their first 12 months of infection in order to study the natural 

history of HIV infection. However, other criteria, such as estimated date of HIV infection 

and definition of stage (acute versus early HIV infection) are established by individual 

site and may vary between sites. In this section inclusion/ exclusion criteria for the 

AIEDRP network and estimated date of infection and infection stage for the San Diego 

and Los Angeles sites are discussed. 

 

Inclusion and Exclusion Criteria 

 To be eligible for AIEDRP individuals must be thirteen years of age or older, 

complete informed consent, assent if younger than 18 years of age with a parent or 

guardian completing informed consent, and have documented HIV infection within the 

previous 12 months [see Appendix B: AIEDRP Eligibility Form]. Potential participants 

must have acute or early HIV infection, and therefore meet one of the following criteria 

with regard to HIV testing and documentation: 1) a negative test results on an HIV EIA 

test and a Western Blot, but a detectable HIV viral load on the PCR test; 2) a positive 

HIV EIA and an indeterminate Western Blot; 3) a positive test result on an HIV EIA, and 

a negative test result on a less sensitive (detuned) EIA (i.e., a detuned EIA consistent 

with recent HIV infection);  or 4) a positive EIA test with a documented HIV EIA negative 

test in the previous 12 months.  

 Individuals are excluded from participating in AIEDRP if they do not meet the 

inclusion criteria (i.e., being younger than 13 years of age; being unable to provide 
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documentation of recent infection, such as a negative EIA test result from the previous 

12 months; and test results that are inconsistent with acute or early infection). 

Additionally, individuals are not eligible, regardless of the previous criteria, if they 

received more than seven days of anti-retroviral medication prior to study enrollment. 

However, individuals who receive post-exposure HIV treatment, but become infected 

with HIV are not excluded from enrollment.    

    

Estimated Date of Infection and Stage of Infection 

 Acute infection is considered by the AIEDRP network as the first 30 days after 

HIV infection occurs and early infection is considered to be the next 11 months [see 

Appendix B: Estimated Date of Infection Rules]. According to diagnostic criteria for 

inclusion into AIEDRP, a patient is considered to be acutely infected if s/he has “positive 

plasma RNA (≥2000 copies/mL) or detectable serum p24 antigen within 14 days of 

study entry and one of the following:”  1) negative HIV EIA; 2) positive HIV EIA and 

negative or intermediate Western Blot; or 3) positive HIV EIA and Western Blot, but 

from the previous 30 days the patient had documented negative EIA, plasma HIV RNA, 

and Western Blot or a Western Blot lacking the p31 band. Patients with early HIV 

infection that have detectable plasma HIV RNA, test positive on both Western Blot and 

an HIV EIA, and either 1) test negative on a less sensitive detuned EIA; or 2) have a 

documented negative HIV EIA test within the 12 months prior.       

 Estimated date of infection is based on HIV and CD4 testing results from 

plasma. At the San Diego and Los Angeles AIEDRP locations, acutely HIV infected 

patients are assigned an estimated date of infection 21or 28 days before their initial 

screening blood draw [See Appendix B: Estimated Date of Infection Rules]. If the 

patient has detectable plasma HIV RNA, but all other HIV test results are negative, their 
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estimated date of infection is assigned as the date 21 days prior to when their plasma 

sample was obtained and they are classified as acute 1 (A1) (Table 3-3). If the patient 

has detectable plasma HIV RNA and an indeterminate Western Blot, their estimated 

date of infection is 28 days prior to the date of study entry (usually their screening visit) 

and they are classified as acute 2 (A2). When the viral plasma RNA is detectable, and 

the HIV EIA is positive, and the Western Blot has five or fewer bands or there is a 

documented negative HIV EIA or negative/indeterminate Western Blot within the 

previous 30 days, and the less sensitive detuned EIA is negative, the estimated date of 

infection is 45 days prior to enrollment; this is considered acute 3 (A3). An estimated 

date of infection of 85 days prior to enrollment is assigned when all criteria for early 

infection 1 are met, except there are more than five bands on the Western Blot, this is 

considered early infection 1 (E1). Finally, if all HIV tests (RNA, Western Blot, HIV EIA, 

and less sensitive detuned EIA) are positive then the estimated date of infection is the 

midpoint date between the last negative EIA and the first positive EIA (early infection 2, 

E2).      

 

F. Study Population  

 
 Since the CASI was implemented in May 2002 until the data collection for 

manuscript 3 was completed in November 2005, there were 575 people eligible for 

screening in San Diego (Table 3-4) and 102 in Los Angeles (Table 3-5). Of these, 195 

were recently infected and 181 became AIEDRP participants in San Diego. In Los 

Angeles, 70 were recently infected and 67 became AIEDRP participants (reasons for 

not enrolling are described in this section and Table 3-6).  

 In San Diego, of the 575 people eligible for screening, 40 (6.9%) did not attend 

their screening visit, 139 (24.2%) were determined to be chronically infected, 201 
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(34.9%) were uninfected, and 195 (33.9%) had acute or early infection (Table 3-4). 

There were some differences with regard to recruitment site; however data were too 

sparse to determine if such differences were statistically significant. A slightly higher 

percentage of the recently HIV infected individuals (9.2%) were referred by those who 

are affiliated with the AVRC than chronically infected (6.5%) or uninfected (3.5%) 

individuals. Additionally, fewer HIV negative individuals (4.5%) were referred by 

community physicians or healthcare facilities when compared to recently (14.9%) and 

chronically (15.6%) HIV infected individuals.  

 Most of the people who screened for AIEDRP at the AVRC were men (92.7%). 

A significantly larger proportion of women where HIV negative (11.9%) than recently 

HIV-infected (1.6%), chronically infected (4.4%), or untested (7.5%) (p=0.001). Over 

half of the screeners reported white ethnicity (66.4%), followed by Hispanic (18.4%), 

Black or African American (6.6%), and Asian (3.7%). When ethnic group was collapsed 

into white ethnicity versus all others, there were statistically significant differences in the 

proportion reporting white ethnicity by HIV status (p=0.01). Those who did not screen 

were least likely to report white ethnicity (45%), followed by chronically infected 

individuals (61.2%), followed by recently HIV infected individuals (67.7%), and finally, 

uninfected individuals (73.1); this trend was significant (p=0.01). The average age of 

those screening for AIEDRP was 34.5 years old and those who missed their screening 

appointment were younger (31.8 years) than the other groups, but this difference was 

not statistically significant (p=0.13). 

 In Los Angeles, data was not available on referral source. However, similar 

trends to San Diego were observed for demographic characteristics (Table 3-5). Most 

(97.1%) screeners were men. Over half (64.7%) reported white ethnicity, followed by 

Hispanic (25.5%), Black or African American (3.9%), and Asian (2.9%). The average 
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age of screeners in Los Angeles was 36.4 years. There were no significant differences 

in sex, ethnicity (white versus all others), or age by categories of HIV status. 

Additionally, there were no significant differences between screeners from Los Angeles 

and San Diego by age (p=0.47), ethnicity (white versus other) (p=0.39), or sex (p=0.99). 

    Of those who screened for AIEDRP and received a diagnosis of recent HIV 

infection, 20 in San Diego and 30 in Los Angeles did not completed the CASI (Table 3-

6). In San Diego, four either declined to enroll in AIEDRP (n=2) or were determined to 

be ineligible (n=2) due to anti-retroviral medication use. Of the remaining 10, six could 

not complete the CASI because they were monolingual Spanish speakers (the CASI 

was only in English), one declined to complete the CASI, and three moved away from 

Southern California before completing CASI. In Los Angeles, participants did not 

completed CASI because three did not continue on AIEDRP, one was ineligible for 

AIEDRP due to anti-retroviral medication use, two were monolingual Spanish speakers, 

and there was no available space or not enough time while the nurse was at a satellite 

site for 24 of the AIEDRP participants to complete the questionnaire. There were no 

significant differences in sex, age, or ethnicity between those who were interviewed with 

CASI versus those who were not in San Diego or Los Angeles (Table 3-7). 

 Among the AIEDRP participants who completed a baseline CASI, there were no 

significant differences in demographics or sexual history by enrollment site (San Diego 

vs. Los Angeles) for those enrolled by study 2 (Table 3-8) or study 3 (Table 3-9). 

Additionally, participant characteristics were similar between those enrolled by studies 2 

and 3, although there were an additional 13 participants by the time data were analyzed 

for study 3. At the time of data analysis for study 3 (Table 3-9), most participants who 

completed CASI were men (98.6%) and most were men who report exclusive sexual 

contact with men in the past 12 months (88.6%). Over half reported white ethnicity 
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(67.7%) and working at least part-time (67.3%). Participants were well educated, with 

41.4% completing some college and 46.4% completing college or a higher degree. The 

average age was about 35 years old and the average age of sexual debut was about 16 

years old. There was a large variation in the number of male sexual partners reported. 

Just over half (55%) reported greater than 95 life-time male sexual partners. The mean 

number of male sexual partners was 42.4 (median 20) in the past 12 months, 9.1 

(median 4) in the past 3 months, and 3.6 (median 1) in the past month. Over half 

(66.8%) reported having sexual contact with more than one person at one time (i.e., 

group sex) in the previous 12 months, but few reported buying (21.5%) or selling 

(20.1%) sex. A history of non-consensual sexual contact was reported by 36.5% and 

injection drug use over the past 12 months was reported by 6.8% of participants. These 

characteristics are similar to the characteristics of the MSM included in the data 

analyses for studies 2 and 3.  

  

G. Behavioral Data Collection 

 Behavioral data was collected on all participants using a 60-minute, IRB-Human 

Subjects approved CASI questionnaire. The CASI style questionnaire was chosen over 

face-to-face interview or self-administered paper and pencil because several studies [6-

10] indicate that CASI increases reporting of sensitive information, such as sexual 

behaviors and drug use. The CASI interview contains 595 questions and the same 

interview was used for all participants regardless of sex or sexual orientation. Due to 

skip patterns, the average participant answered about 100 questions, which took an 

average 60 minutes (range 30-120 minutes).  

 The questionnaire was designed to address many different research questions. 

General demographic and sexual history information was asked to gather background 
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information on all participants. Data were collected on types of partners in the previous 

12 months in order to assess how common certain partner types were. Data were 

collected on sexual, social, and demographic characteristics of the participant’s last 

three partners to examine partner dynamics by partner type. Detailed information on 

erectile dysfunction medication use (EDM) was collected in order to describe EDM 

misuse among MSM and to conduct a case control study on EDM use and risk for HIV 

acquisition. Questions pertaining to use of the Internet to recruit sexual partners were 

asked to assess sexual risk behaviors associated with Internet use. Data were collected 

on the number of partners that the participants engaged in specific sexual behaviors 

with over the course of the previous 12 months in order to assess general HIV risk 

behavior. Information pertaining to venue type, name, and number of partners recruited 

from each venue was collected in order to estimate social and sexual networks of 

recently infected individuals. Finally, data were collected on traumatic events, such as 

non-consensual sexual activity and domestic violence to assess these traumas as risk 

factors for risky sexual behavior. The data for manuscripts 2 and 3 were derived from 

questions pertaining to the last three sexual partners that the participant reported sexual 

contact with. The specific questions that were used for these studies, as well as data 

presented in other chapters of this dissertation, can be found in Appendix A.  

 Some questions were recoded for use in specific analyses. All recoding was 

conducted using STATA SE 8.2. The participants’ date of birth was recoded to age by 

calculating their age from the dates of their CASI interviews. Education was recoded 

into high school, which included people who had completed 10-12 grade; some college; 

and completed college or higher, including post-graduate training, masters degree, 

doctorate degree, or other professional degree. Ethnicity was collapsed into white 

versus all other groups, as most participants reported white ethnicity. Partner type was 
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collapsed into main versus other. Meeting location was collapsed into bathhouse versus 

other. How long ago participants met their last partner, duration of time between 

meeting and sexual activity, and time since last sexual encounter were recoded so that 

time frames were in days. Time frames that were recorded in minutes or hours were 

counted as a single day. Sexual activity was collapsed into unprotected anal intercourse 

or not. Illicit substances used with the last three partners were collapsed for manuscript 

3, but not manuscript 2 into a single variable that included the following categories: no 

substance use, methamphetamine only, other substances only, or a combination of 

methamphetamine and other substances. The HIV serostatus of each of the 

participants’ last three sexual partners were coded as positive, negative, or unknown if 

participants reported not talking to their partner about his status or they could not report 

his status.     

 

 

H. Data Analyses 

Outcomes and Predictors 

 For both manuscripts 2 and 3 the outcome was unprotected anal intercourse 

(UAI) with each of the last three partners. For each study, UAI was coded as a 

dichotomous variable (i.e., reporting UAI with each partner or not). This variable was 

used because the purpose of both studies was to determine if the participants were 

engaging in risk behaviors that could result in HIV transmission. Additionally, for one 

analysis in manuscript 2, UAI was categorized into three ordinal categories, UAI with 

none, some, or all of the last three partners. This new variable was created in order to 

determine if there was a trend in proportion reporting substance use with any of the last 

three partners increased across ordered categories of UAI.  
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 UAI was selected as the primary outcome because it is likely to carry a greater 

risk of transmission than other activities, including anal intercourse with a condom or 

oral intercourse [11-14]. It would have been ideal to examine insertive and receptive 

UAI in separate analyses, as insertive UAI may carry a higher risk of transmitting HIV 

and receptive UAI may carry a higher risk of acquiring HIV [15]. However, these data 

were not collected for the first 100 participants due to an oversight in questionnaire 

programming (i.e., data on anal intercourse, but not position were collected). 

 The primary predictor for both manuscripts 2 and 3 was illicit substance use with 

each of the last three partners. Additionally, for the trend analysis in manuscript 2, illicit 

substance use was categorized as used of a specific substance with any of the last 

three partners. Following recommendations which were made in manuscript 1, 

substance use was kept as specific substances and collapsed only when necessary 

(i.e., the data became too sparse). For manuscript 2 the primary predictors were use of 

methamphetamine, volatile nitrites, marijuana, and erectile dysfunction medications 

(EDMs). Other categories of substance use were not considered because too few 

respondents reported use of them with their last three partners. All predictors were 

dichotomized into used or did not use with each partner. For manuscript 3, the predictor 

of interest included a substance use variable that encoded four levels, no substance 

use, methamphetamine only, substances other than methamphetamine, and a 

combination of methamphetamine and other substances. This combination was 

selected for two reasons. Firstly, overlap of different types of substances with the same 

partner was very common, therefore all substances could not be examined without 

causing the data to become very sparse. Secondly, the other substances which were 

most commonly reported, marijuana, nitrites, and gamma hydroxyl-butyrate (GHB), had 

a similar effect to one another, but an opposite effect to methamphetamine with regard 
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to UAI and it therefore made more sense to group substances other than 

methamphetamine. 

 

Analyses 

 For both manuscripts summary statistics and univariate analyses were used to 

summarize the cohort characteristics. Chi-square analysis or Fisher’s exact test were 

used to compare proportions among data that did not contain repeated measures. Chi-

square analysis was used unless a cross-tabulation cell had less than five observations, 

then Fisher’s exact test was used. T-tests were used for any continuous variables that 

were compared between two groups and one way analysis of variance (ANOVA) was 

used if a continuous variable was being compared across more than two groups. For all 

tests (univariate and multivariate) in both studies, and alpha level of 0.05 was used as 

the cut point for statistical significance using two-sided tests. 

 In manuscript 2, Cuzick’s test for trend was used to examine trends of 

substance use across UAI groups. This test was designed by Cuzick [16] in order to 

examine categorical trend across ordered groups. UAI was ordered as UAI with none, 

some, or all of the last three partners. Cuzick’s test for trend uses a Wilcoxon-type test 

to calculate the probability.  

 For both manuscripts, analyses of all partner data (i.e., repeated measures) 

were completed using a repeated measures analysis. For manuscript 2, both 

generalized estimating equations and conditional logistic regression were used. 

Additionally, generalized linear latent mixed models (GLLAMM) were used and results 

were compared to GEE, however GEE was selected over GLLAMM (see GEE section 

below for explanation). For manuscript 3, GEE models were used to adjust for repeated 

measures. 
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Generalized Estimating Equations (GEE) 

 Generalized estimating equations are used when inferences about the 

population-level average are the focus, and when there are repeated measurements 

[17]. By obtaining a non-parametric estimate of the variance based on a working 

correlation matrix, GEEs correct “naïve” estimates to generate robust estimates of 

parameters and their associated variances [18].  

 In manuscript 2, GEE was used to examine associations between UAI and 

substance use across the entire sample. Conditional logistic regression (CLR) was used 

for a subset, which will be discussed further, but was not appropriate for the entire 

sample because not all individuals reported variation (protected anal intercourse vs. 

UAI) in the outcome (some reported UAI with all of their last three partners and some 

reported UAI with none of their last three partners). GEE was used to determine if an 

association between UAI and substance use was present across the sample when 

taking into account all participants and all of the partners that they reported on. This 

information was valuable because it provided associations in behavior among all 

participants, not just those who vary their UAI practice.   

 The use of GEE was compared to GLLAMM in manuscripts 2 and 3 (see 

Appendix C, Tables C-1 and C-2 for GLLAMM analyses). The primary difference 

between GEE and GLLAMM is that GEEs only provide population level estimates, and 

make few assumptions regarding within-subject correlations [18], whereas GLLAMMs 

also provide individual-level estimates, by making explicit assumptions about within-

subject correlations [19]. As results for GEE and GLLAMM models were similar (See 

GLLAMM Tables Appendix C), GEE was selected as the analysis of choice, as 

population-level effects were the primary focus, and fewer assumptions regarding 

subject-specific patterns had to be introduced into the model. 
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 In manuscript 3, GEE was also selected as the most appropriate statistical 

analysis because it allowed for simple examination of the interactions of interest while 

examining the effects of all other variables on the outcome. In this analysis repeated 

measures were assessed and therefore a repeated measures analysis, such as GEE 

was warranted. Additionally, as in manuscript 2, we were more interested in population 

level effects, than both population and individual effects. 

 For both manuscripts 2 and 3 the same family and link function were used for 

GEE. A binomial family was specified because the outcome measure, UAI, was a 

dichotomous measure. The logit link was specified, as it is the canonical link function for 

the binomial; alternative links include the probit and the complementary log-log [18]. An 

unstructured correlation matrix was specified, as it was believed that individuals’ 

behaviors with different partners were likely to be highly correlated, but the structure of 

this correlation could not easily be expressed a priori. In addition, with only three 

repeated measures, it was not necessary to try to limit the number of estimated 

parameters in the correlation matrix structure. 

 

Conditional Logistic Regression (CLR) 

 Conditional logistic regression (CLR) is another method for controlling for 

repeated measures. CLR differs from GEE and logistic regression in that it conditions 

on a particular factor. CLR is most often used when a study design included matching, 

such as a matched case-control study, or when an individual is being compared to 

him/herself, such as in a pre/post-test situation [20]. In the later situation, CLR controls 

for all individual factors and those are essentially removed from their effect on the 

outcome. Therefore, CLR is especially effective when examining the effect of substance 
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use on UAI, as it removes unmeasured characteristics that are constant within the 

individual, but allows for the dynamic characteristics of the partnership to be examined.  

 CLR was used for manuscript 2 to examine behavior changes within the 

individual in the presence and absence of illicit substances. It was only appropriate for 

those who reported variation in the outcome and was therefore used only with a subset 

of the sample. However, CLR provided different information than GEE in this analysis. 

The CLR models examined the effect of substance use on the change in behavior, 

therefore looking at a within-subjects association. CLR did not provide information on 

people who reported no variation in UAI.  

 

Confounding 

 Confounding has been described in epidemiology as the effect of a third variable 

that results in a distortion of the association between the outcome and the main 

predictor of interest [21]. Statistically confounding has been described as a factor that 

helps to explain or distort the association between two other variables [22]. A 

confounder can either mask a true association or give the impression that an 

association exists when it is actually spurious [23]. Confounding is common in 

observational studies [24] and it is therefore critical to control for it either in study design 

or analysis.  

 For both manuscript 2 and 3 a number of variables were examined statistically 

to determine if they confounded the associations between UAI and substance use 

(Table 3-10). Variables that were likely to be associated with both the outcome and the 

predictors were selected. Demographic factors that were considered as potential 

confounders included: age, partner’s age, ethnicity, partner’s ethnicity, and education 

level. Variables that captured partner dynamics were also examined, including: age 
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discordance, ethnic discordance, partner type, partner HIV status, timing between 

meeting and first sexual contact, meeting location, and sexual contact prior to or after 

HIV diagnosis. Each of these variables could be associated with the outcome and the 

main predictor in different ways. Previous studies have demonstrated that those who 

use illicit substances tend to be younger [25], and younger MSM may be more likely to 

participate in UAI [26]. Lower education and ethnic identification other than 

White/Caucasian may be associated with an increase in risk for HIV [27-30], while 

White/Caucasian ethnic identification may be associated with substance use [27;31] 

and UAI with sero-discordant partners [32] among MSM.  

 It was also important to determine if the association between substance use and 

UAI was independent from other factors that may increase the risk of UAI. Among some 

ethnic groups, UAI was reported more commonly among MSM who were concordant by 

ethnicity [33]. Additionally, UAI appears to be more common among main partners than 

other partner types [34]. Some studies that indicate that UAI may be more common if 

MSM are sero-concordant for HIV [34;35], even when MSM used illicit substances [36]. 

On the other hand, some studies indicate that HIV positive [37;38] and HIV negative 

[39] MSM are likely to have known sero-discordant UAI while using illicit substances. 

 For both manuscripts confounding was assessed by examining the odds ratio for 

the association between outcome and predictor (crude odds ratio) and comparing it to 

the odds ratio in the presence of the potential confounder [22]. Each variable that was 

considered a potential confounder was added to the model separately, so that there 

were only three variables total in the model at once. After each potential confounder 

was added the newly adjusted odds ratio was compared to the crude odds ratio. A 

variable was considered a confounder of the association if the odds ratio changed by 

greater than 15 percent after adjustment. If the change in odds ratio was 15 percent or 
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less the variable was not be considered a confounder and was left out of the model. 

Variables that were not confounders by statistical assessment, but were significantly 

associated with the outcome (p<0.05), were left in the model as covariates.  

 

Statistical Interactions 

 Interaction, also known as effect modification, occurs when the association 

between a predictor and an outcome differ by different strata of a third variable [22]. 

Interaction effects may be present when the relationship of predictors to the outcome is 

complex, for example with partner dynamics, sexual risk behavior and substance use. 

Therefore, careful attention was given to the potential of interactions in manuscripts 2 

and 3.  

 In the analyses for manuscripts 2 and 3, statistical interactions were assessed 

by “multiplying” the predictors that were believed to interact and examining the effect of 

the association on the outcome. This was done because interactions at the odds ratio 

(or relative risk) level are multiplicative because risk ratios are measured on a 

multiplicative scale. Unlike confounding, the significance of the interaction was 

determined by examining the p-value of the interaction terms for values less than 0.05. 

 For both manuscripts interactions to be tested were decided upon a priori based 

on previous studies. In manuscript 2, interactions were examined between partner type 

and substance use because previous studies demonstrate that UAI may be more likely 

to occur among main partners than other partnership types [40;41]. Therefore it was 

hypothesized that substance use with a main partner may increase the risk of UAI more 

than additively. Additionally, interactions between recreational substances and EDMs 

were tested because previous literature suggests that a combination of EDM and illicit 

substance use may be associated with increased risk taking [42-44]. Interactions were 



 

 

146 

included separately for each substance and partner type in four different models. If an 

interaction was not present (p<0.05) or probable (p<0.10), it was removed from the 

model. Significant interactions were included in the final model.  

 In manuscript 3, interaction terms were used to test the hypothesis that different 

substances were associated with UAI before and after diagnosis. One interaction was 

examined between timing of sexual activity (before or after HIV diagnosis) and a multi-

strata variable for substance use, no substance use, methamphetamine only, 

substances other than methamphetamine, or methamphetamine and other substances 

combined. This interaction term was retained in the model because it provided the 

support for or against the hypothesis. Results of data analyses are presented as two 

different manuscripts in chapters 4 and 5. 
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Figure 3-1: First Choice brochure for recruitment in San Diego (Outside) 
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Figure 3-2: First Choice brochure for recruitment in San Diego (Inside) 
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Figure 3-3: First Choice business card 
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Table 3-1: Possible primary HIV symptoms. When screening for primary HIV symptoms at 

telephone interview research staff are looking for combinations of the following that present as 

acute viral infection. Due to the non-specific nature of acute HIV symptoms, there is not a clear 

definition of what constitutes primary HIV symptoms. 

Symptoms: 

• Mononucleosis- or influenza-like symptoms 

• Fever (low  or high grade) 

• Rash 

• Fatigue 

• Headache 

• Myalgia 

• Night sweats 

• Arthralgia 

• Lymphadenopathy 

• Pharyngitis 

• Oral ulcers 
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Table 3-2: Referral locations of individuals screening at the AVRC by year (May 2002 

through November 2005) 

 2002* 

% (n) 

n=92 

2003 

% (n) 

n=215 

2004 

% (n) 

n=149 

2005 

% (n) 

n=119 

Total 

% (n) 

n=575 

San Diego County HIV testing services 0 16.7 (36) 17.5 (26) 19.3 (23) 14.8 (85) 

Advertisement/ self referral 0 4.2 (9) 2.0 (3) 2.5 (3) 2.6 (15) 

AVRC / HNRC/ Owen Clinicŧ 0 7.9 (17) 6.0 (9) 7.6 (9) 6.1 (35) 

Community organization 0 5.6 (12) 8.1 (12) 4.2 (5) 5.0 (29) 

Patient on study/ friend/ partner 0 13.0 (28) 10.1 (15) 12.6 (15) 10.1 (58) 

Community physician/ health care 

facility 

0 14.8 (32) 16.1 (24) 8.4 (10) 11.5 (66) 

Unknown 100 (92) 37.7 (81) 40.3 (60) 45.4 (54) 50.0 (288) 

* Recruitment began May 2002 

ŧ AVRC= Antiviral Research Center; HNRC= HIV Neurobehavioral Research Center; The Owen Clinic is a 

UCSD affiliated clinic that provides medical care to HIV positive people 
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Table 3-3: Acute and Early HIV infection criteria and estimated days of infection based 

on HIV testing 

Stage HIV RNA Western 

Blot 

HIV EIA Less 

Sensitive 

Detuned EIA 

Documented 

Negative EIA 

(≤ 12 months) 

Estimated 

Days of 

Infection 

Acute 1 + - - N/A N/A 21 

Acute 2 + Iŧ +/- N/A N/A 28 

Acute 3 + + 

≤ 5 bands† 

+/- N/A N/A 45 

Early 1 +/- + 

> 5 bands 

+ _ N/A 85 

Early 2 +/- + + + + Midpoint* 

*midpoint between last negative EIA and first positive EIA 
ŧ  ”I” indicates intermediate western blot  
† or a negative EIA or negative/indeterminate Western Blot within the previous 30 days 
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Table 3-4: Referral locations and demographic information by HIV status of participants 

screening for AIEDRP at the AVRC in San Diego 

 Did not 

attend 

screen 

% (n) 

n=40 

Chronic 

Patients 

% (n) 

 

n=139 

Primary 

HIV Patient 

% (n) 

 

n=195 

HIV 

Negative 

Patient 

% (n) 

n=201 

Total 

% (n) 

 

 

n=575 

Referral Source      

San Diego County HIV testing  12.5 (5) 17.3 (24) 17.4 (34) 11.0 (22) 14.8 (85) 

Advertisement/ self referral 2.5 (1) 2.2 (3) 1.5 (3) 4.0 (8) 2.6 (15) 

AVRC / HNRC/ Owen Clinic 2.5 (1) 6.5 (9) 9.2 (18) 3.5 (7) 6.1 (35) 

Community organization 2.5 (1) 5.0 (7) 4.6 (9) 6.0 (12) 5.0 (29) 

Patient on study/ friend/ partner 15.0 (6) 5.8 (8) 9.7 (19) 12.4 (25) 10.1 (58) 

Community physician/ health facility 12.5 (5) 15.6 (23) 14.9 (29) 4.5 (9) 11.5 (66) 

Unknown 52.5 (21) 46.8 (65) 42.6 (83) 58.7 (118) 49.9 (287) 

Sex      

Men 82.5 (33) 95.7 

(133) 

98.5 (192) 88.1 (177) 92.7 (533) 

Women 7.5 (3) 4.4 (6) 1.5 (3) 11.9 (24) 6.3 (36) 

Unknown 10.0 (4) 0 0 0 0.7 (4) 

Ethnicity      

Asian 0 5.8 (8) 3.1 (6) 3.5 (7) 3.7 (21) 

Black/ African American 7.5 (3) 10.8 (15) 5.3 (10) 5.0 (10) 6.6 (38) 

White 45.0 (18) 61.2 (85) 67.7 (132) 73.1 (147) 66.4 (382) 

Hispanic 22.5 (9) 17.3 (24) 22.1 (43) 14.9 (30) 18.4 (106) 

Other 5.0 (2) 2.9 (4) 1.5 (3) 3.0 (6) 2.6 (15) 

Unknown 20.0 (8) 2.2 (3) 0.5 (1) 0.5 (1) 2.3 (13) 

Age 31.8 (31) 35.5 (36) 35.0 (34.5) 33.8 (40.5) 34.5 (34) 
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Table 3-5: Demographics by HIV status of participants screening for AIEDRP in Los 

Angeles 

 Chronic Patients 

 

% (n) 

mean (median) 

n=21 

Primary HIV 

Patient 

% (n) 

mean (median) 

n=70 

HIV Negative 

Patient 

% (n) 

mean (median) 

n=11 

Total 

 

% (n) 

mean (median) 

n=102 

Sex     

Men 100 (21) 95.7 (67) 100 (11) 97.1 (97) 

Women 0 4.3 (3) 0 2.9 (3) 

Ethnicity     

Asian 9.5 (2) 1.4 (1) 0 2.9 (3) 

Black/ African American 0 5.7 (4) 0 3.9 (4) 

White 52.4 (11) 68.6 (48) 63.6 (7) 64.7 (66) 

Hispanic 28.6 (6) 22.7 (16) 36.4 (4) 25.5 (26) 

Other 0 1.4 (1) 0 1.0 (1) 

Unknown 9.5 (2) 0 0 2.0 (2) 

Age 38.2 (39) 36.3 (36) 33.6 (30) 36.4 (37) 
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Table 3-6: Reasons for not completing CASI among recently infected individuals 

screening for AIEDRP by site 

 San Diego 

n=14 

Los Angeles 

n=33 

Did not continue AIEDRP 2 3 

Ineligible for AIEDRP 2 1 

No space or time for CASI 0 27 

Not English Speaking 6 2 

Declined CASI 1 0 

Moved away before CASI 3 0 
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Table 3-7: Demographics and differences between recently infected AIEDRP 

participants who did and did not complete CASI by recruitment location and study 

 San Diego Los Angeles 

 No CASI 

n=14 

CASI 

n=181 

p-value No CASI 

n=33 

CASI 

n=37 

p-value 

Women 7.7 (1) 1.1 (2) 0.19 9.9 (3) 5.6 (2) 0.67 

Age 35.9 35.0 0.75 35.6 36.9 0.61 

Ethnicity (white vs. other) 42.9 (6) 69.6 (126) 0.07 63.6 (21) 73.0 (27) 0.40 

Referral Source   0.34 N/A N/A N/A 

    San Diego County  7.1 (1) 18.2 (33)     

    Advertisement/ self  7.1 (1) 1.1 (2)     

    AVRC / HNRC/ Owen Clinic 0 9.9 (18)     

    Community organization 0 5.0 (9)     

    Patient / friend/ partner 14.3 (2) 9.4 (17)     

    Community physician/ 14.3 (2) 14.9 (27)     

    Unknown 57.4 (8) 41.4 (75)     
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Table 3-8: Demographics and sexual history of AIEDRP participants who completed 

CASI before analysis of data for manuscript 2 

 San Diego 
 
% (n) 
mean 
(median) 
n=174 

Los Angeles 
 
% (n) 
mean 
(median) 
n=33 

Total 
 
% (n) 
mean 
(median) 
n=207 

Women 0.6 (1) 6.6 (2) 1.5 (3) 

Age   34.5 (34) 37.3 (38) 34.9 (35) 

White Ethnicity 66.1 (115) 72.7 (24) 67.2 (139) 

Education 

        High school 

        Completed some college 

        Completed college or higher  

 

12.6 (22) 

41.4 (72) 

46.0 (80) 

 

15.2 (5) 

30.3 (10) 

54.6 (18) 

 

13.0 (27) 

39.6 (82) 

47.3 (98) 

Employed 69.0 (120) 63.6 (21) 68.1 (141) 

Sexual situation past 12 months 

       MSM 

       MSMW 

       MSW 

       WSM 

       WSMW 

       No Sexual Contact 

 

88.5 (154) 

6.3 (11) 

4.0 (7) 

0.6 (1) 

0 

0.6 (1) 

 

87.9 (29) 

3.0 (1) 

3.0 (1) 

0 

6.1 (2) 

0 

 

88.4 (183) 

5.8 (12) 

3.9 (8) 

0.4 (1) 

1.0 (2) 

0.4 (1) 

Age at sexual debut 16.0 (16) 16.5 (16) 16.1 (16) 

>95 Male Lifetime Partners 54.6 (95) 60.6 (20) 55.6 (115) 

Number of Male Partners 

         Past 12 months 

         Past 3 months 

         Past month 

 

39.0 (20) 

9.4 (4) 

3.7 (1) 

 

63.5 (27.5) 

7.7 (4) 

3.2 (1.5) 

 

42.9 (20.5) 

9.2 (4) 

3.6 (1) 

Group Sex Past 12 Months 64.9 (113) 78.8 (26) 67.2 (139) 

Ever Bought Sex 22.0 (38) 21.2 (7) 21.8 (45) 

Ever Sold Sex 21.4 (37) 12.1 (4) 19.9 (41) 

Injected Drugs Past 12 Months 7.5 (13) 6.1 (2) 7.3 (15) 

Ever had non-consensual sex 36.8 (64) 36.4 (12) 36.7 (76) 

* no significant differences between San Diego and LA for all variables (p>0.05) 
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Table 3-9: Demographics and sexual history of AIEDRP participants who completed 

CASI before analysis of data for manuscript 3 

 San Diego 
 
% (n) 
mean 
(median) 
n=186 

Los Angeles 
 
% (n) 
mean 
(median) 
n=34 

Total 
 
% (n) 
mean 
(median) 
n=220 

Women 0.5 (1) 5.9 (2) 1.4 (3) 

Age   34.4 (34) 37.4 (39) 34.9 (35) 

White Ethnicity 67.2 (125) 70.6 (24) 67.7 (149) 

Education 

        High school 

        Completed some college 

        Completed college or higher  

 

11.8 (22) 

43.0 (80) 

45.2 (84) 

 

14.7 (5) 

32.4 (11) 

52.9 (18) 

 

12.3 (27) 

41.4 (91) 

46.4 (102) 

Employed 68.3 (127) 61.8 (21) 67.3 (148) 

Sexual situation past 12 months 

       MSM 

       MSMW 

       MSW 

       WSM 

       WSMW 

       No Sexual Contact 

 

88.7 (165) 

3.8 (7) 

6.5 (12) 

0.5 (1) 

0 

0.5 (1) 

 

88.2 (30) 

2.9 (1) 

2.9 (1) 

0 

5.9 (2) 

0 

 

88.6 (195) 

3.6 (8) 

5.9 (13) 

0.5 (1) 

0.9 (2) 

0.5 (1) 

Age at sexual debut 16.0 (16) 16.5 (16) 16.1 (16) 

>95 Male Lifetime Partners 53.8 (100) 61.8 (21) 55.0 (121) 

Number of Male Partners 

         Past 12 months 

         Past 3 months 

         Past month 

 

38.7 (20) 

9.4 (4) 

3.7 (1) 

 

63.3 (25) 

7.6 (4) 

3.2 (2) 

 

42.4 (20) 

9.1 (4) 

3.6 (1) 

Group Sex Past 12 Months 65.1 (121) 76.5 (26) 66.8 (147) 

Ever Bought Sex 21.6 (40) 20.6 (7) 21.5 (47) 

Ever Sold Sex 21.6 (4) 11.8 (4) 20.1 (44) 

Injected Drugs Past 12 Months 7.0 (13) 5.9 (2) 6.8 (15) 

Ever had non-consensual sex 36.8 (68) 35.3 (12) 36.5 (80) 
 
 

 

 

 

 

 



 

 

Table 3-10: Variables that were examined as potential confounders  

Variable Study Included Format Reason for Format 

Age 2  and 3 No Continuous 

(years) 

Collected as a continuous variable, only uses one 

degree of freedom, provides more information 

Partner’s age 2 and 3 Study 2 Continuous 

(years) 

Collected as a continuous variable, only uses one 

degree of freedom, provides more information 

Age discordance 2 and 3 No Dichotomous Only two strata, discordant or concordant 

Ethnicity 2 and 3 No Dichotomous:  

White vs. all other ethnicities 

60% or more of participants reported white ethnicity, 

other strata were too thin 

Partner’s ethnicity 2 and 3 No Dichotomous:  

White vs. all other ethnicities 

60% or more of partners were reported to be white, 

other strata were too thin 

Ethnic discordance 2 and 3 No Dichotomous Only two strata, discordant or concordant 

Education 2 and 3 No Categorical:  

High School, college, more than 

college 

Collected as categorical data; Categories collapsed to: 

save degrees of freedom, represent educational levels 

(no one less than high school, most college or above). 

Time between meeting and 

first sexual contact 

2 Study 2 Continuous 

(days) 

Collected as a continuous variable, only uses one 

degree of freedom, provides more information 

Meeting location 3 Study 3 Dichotomous: 

Bathhouse vs. all other locations 

Multiple categories, strata thin, bathhouse most likely 

to be associated with UAI and substance use  

Partner type 3 Study 3 Dichotomous: 

Main vs. all other types 

Behavior differs most between main and other partner 

types, strata thin for some partner types 

Timing of sexual activity in 

respect to HIV diagnosis 

2 Study 2 Dichotomous: 

Before or after diagnosis 

Behavior change may be different before and after 

diagnosis, only two strata  

Partner’s HIV status 2 and 3 Studies 2 & 3 Categorical: 

Negative, positive, unknown 

Collected as categorical, all categories represented 

159 



 

 

160 

I. References 
 

 (1)  AIEDRP Statistical and Coordinating Center. Acute Infection and Early Disease 
Research Program website. http://www.aiedrp.org. (Electronic Citation) 
Accessed 1 January 2006. 

 
 (2)  Centers for Disease Control and Prevention. Revised Guidelines for HIV 

Counseling, Testing, and Referral. Morbidity and Mortality Weekly Report. 2001; 
50:1-46. 

 (3)  Cambridge Biotech. Human immunodeficiency virus type 1 Western Blot Kit. 
2000. Rockville, MD, Calypte Biomedical.  

 
 (4)  Abbott Laboratories. Human immunodeficiency virus types 1 and 2: (E. coli, B. 

megaterium, recombinant antigen) HIVAB HIV-1/HIV-2 (rDNA) EIA. 2004. 
Abbott Park, IL, Abbott Laboratories Diagnostic Division.  

 
 (5)  Janssen RS, Satten GA, Stramer SL et al. New Testing Strategy to Detect Early 

HIV-1 Infection for Use in Incidence Estimates and for Clinical and Prevention 
Purposes. JAMA. 1998; 280:42-48. 

 (6)  Macalino GE, Celentano DD, Latkin C et al. Risk behaviors by audio computer-
assisted self-interviews among HIV-seropositive and HIV-seronegative injection 
drug users. AIDS Education and Prevention. 2002; 14:367-378. 

 (7)  Newman JC, Jarlais D, Turner CF et al. The differential effects of face-to-face 
and computer interview modes. American Journal of Public Health. 2002; 
92:294-297. 

 (8)  Kurth AE, Martin DP, Golden MR et al. A comparison between audio computer-
assisted self-interviews and clinician interviews for obtaining the sexual history. 
Sexually Transmitted Diseases. 2004; 31:719-726. 

 (9)  Perlis TE, Des Jarlais DC, Friedman SR et al. Audio-computerized self-
interviewing versus face-to-face interviewing for research data collection at drug 
abuse treatment programs. Addiction. 2004; 99:885-896. 

 (10)  Ghanem KG, Hutton HE, Zenilman JM et al. Audio computer assisted self 
interview and face to face interview modes in assessing response bias among 
STD clinic patients. Sexually Transmitted Infections. 2005; 81:421-425. 

 (11)  Keet IPM, Vanlent NA, Sandfort TGM et al. Orogenital Sex and the 
Transmission of HIV Among Homosexual Men. AIDS. 1992; 6:223-226. 

 (12)  Samuel MC, Hessol N, Shiboski S et al. Factors Associated with Human-
Immunodeficiency-Virus Seroconversion in Homosexual Men in 3 San-Francisco 
Cohort Studies, 1984-1989. Journal of Acquired Immune Deficiency Syndromes 
and Human Retrovirology. 1993; 6:303-312. 



 

 

161 

 (13)  Pinkerton SD, Abramson PR. Effectiveness of condoms in preventing HIV 
transmission. Social Science & Medicine. 1997; 44:1303-1312. 

 (14)  PageShafer K, Veugelers PJ, Moss AR et al. Sexual risk behavior and risk 
factors for HIV-1 seroconversion in homosexual men participating in the 
tricontinental seroconverter study, 1982-1994. American Journal of 
Epidemiology. 1997; 146:531-542. 

 (15)  Varghese B, Maher JE, Peterman TA et al. Reducing the risk of sexual HIV 
transmission - Quantifying the per-act risk for HIV on the basis of choice of 
partner, sex act, and condom use. Sexually Transmitted Diseases. 2002; 29:38-
43. 

 (16)  Cuzick J. A Wilcoxon-Type Test for Trend. Statistics in Medicine. 1985; 4:87-90. 

 (17)  Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous 
outcomes. Biomterics. 1986; 42:121-130. 

 (18)  Diggle PJ, Heagerty P, Liang K, Zeger SL. Analysis of Longitudinal Data. 2nd 
ed. Oxford: Oxford University Press, 2002. 

 (19)  Rabe-Hesketh S, Skrondal A, Pickles A. GLLAMM Manual. U.C. Berkeley 
Division of Biostatistics Working Paper Series Paper 160. 2004.  The Berkeley 
Electronic Press. (Electronic Citation) Accessed 28 April 2005. 

 
 (20)  Breslow NE, Day NE. The Analysis of Case-Control Studies. Statistical Methods 

in Cancer Research: Vol. 1. Lyon, France: IARC Scientific Publications, 1980. 

 (21)  Szklo M, Nieto FJ. Epidemiology: beyond the basics. Gaithersberg: 2000. 

 (22)  Woodward M. Confounding and interaction. Epidemiology: study design and 
data analysis. Boca Raton: Chapman and Hall/CRC, 1999: 146-189. 

 (23)  Gordis L. Epidemiology. 1st ed. Philadelphia: W.B. Saunders Company, 1996. 

 (24)  Rothman KJ, Greenland S. Modern Epidemiology. 2nd ed. Philadelphia: 
Lippincott, Williams & Wilkins, 1998. 

 (25)  Colfax G, Coates TJ, Husnik MJ et al. Longitudinal patterns of 
methamphetamine, popper (amyl nitrite), and cocaine use and high-risk sexual 
behavior among a cohort of San Francisco men who have sex with men. J 
Urban Health. 2005; 82:i62-i70. 

 (26)  Crepaz N, Marks G, Mansergh G et al. Age-related risk for HIV infection in men 
who have sex with men: Examination of behavioral, relationship, and serostatus 
variables. AIDS Education and Prevention. 2000; 12:405-415. 

 (27)  Harawa NT, Greenland S, Bingham TA et al. Associations of race/ethnicity with 
HIV prevalence and HIV-related behaviors among young men who have sex 



 

 

162 

with men in 7 urban centers in the United States. Journal of Acquired Immune 
Deficiency Syndromes. 2004; 35:526-536. 

 (28)  Valleroy LA, MacKellar DA, Karon JM et al. HIV prevalence and associated risks 
in young men who have sex with men. JAMA-Journal of the American Medical 
Association. 2000; 284:198-204. 

 (29)  Celentano DD, Sifakis F, Hylton J et al. Race/ethnic differences in HIV 
prevalence and risks among adolescent and young adult men who have sex 
with men. Journal of Urban Health-Bulletin of the New York Academy of 
Medicine. 2005; 82:610-621. 

 (30)  Hickson F, Reid D, Weatherburn P et al. HIV, sexual risk, and ethnicity among 
men in England who have sex with men. Sexually Transmitted Infections. 2004; 
80:443-450. 

 (31)  Thiede H, Valleroy LA, MacKellar DA et al. Regional patterns and correlates of 
substance use among young men who have sex with men in 7 US urban areas. 
Am J Public Health. 2003; 93:1915-1921. 

 (32)  Chen SY, Gibson S, Weide D et al. Unprotected anal intercourse between 
potentially HIV-serodiscordant men who have sex with men, San Francisco. 
Journal of Acquired Immune Deficiency Syndromes. 2003; 33:166-170. 

 (33)  Choi KH, Operario D, Gregorich SE et al. Age and race mixing patterns of 
sexual partnerships among Asian men who have sex with men: Implications for 
HIV transmission and prevention. AIDS Education and Prevention. 2003; 15:53-
65. 

 (34)  Poppen PJ, Relsen CA, Zea MC et al. Serostatus disclosure, seroconcordance, 
partner relationship, and unprotected anal intercourse among HIV-positive 
Latino men who have sex with men. AIDS Education and Prevention. 2005; 
17:227-237. 

 (35)  Clatts MC, Goldsamt LA, Yi H. An emerging HIV risk environment: a preliminary 
epidemiological profile of an MSM POZ party in New York City. Sexually 
Transmitted Infections. 2005; 81:373-376. 

 (36)  Purcell DW, Moss S, Remien RH et al. Illicit substance use, sexual risk, and 
HIV-positive gay and bisexual men: differences by serostatus of casual partners. 
AIDS. 2005; 19:S37-S47. 

 (37)  Halkitis PN, Green KA, Remien RH et al. Seroconcordant sexual partnering of 
HIV-seropositive men who have sex with men. AIDS. 2005; 19:S77-S86. 

 (38)  Halkitis PN, Wilton L, Wolitski RJ et al. Barebacking identity among HIV-positive 
gay and bisexual men: demographic, psychological, and behavioral correlates. 
AIDS. 2005; 19:S27-S35. 



 

 

163 

 (39)  Colfax G, Vittinghoff E, Husnik MJ et al. Substance use and sexual risk: A 
participant- and episode-level analysis among a cohort of men who have sex 
with men. American Journal of Epidemiology. 2004; 159:1002-1012. 

 (40)  Xiridou M, Geskus R, De Wit J et al. The contribution of steady and casual 
partnerships to the incidence of HIV infection among homosexual men in 
Amsterdam. AIDS. 2003; 17:1029-1038. 

 (41)  Gorbach PM, Drumright LN, Daar ES, Little SJ. Transmission behaviors of 
recently HIV-infected men who have sex with men. Journal of Acquired Immune 
Deficiency Syndromes. 2006 in press.  

 
 (42)  Chu PL, McFarland W, Gibson S et al. Viagra use in a community-recruited 

sample of men who have sex with men, San Francisco. -Journal of Acquired 
Immune Deficiency Syndromes. 2003; 33:191-193. 

 (43)  Crosby R, DiClemente RJ. Use of recreational Viagra among men having sex 
with men. Sexually Transmitted Infections. 2004; 80:466-468. 

 (44)  Kim AA, Kent CK, Klausner JD. Increased risk of HIV and sexually transmitted 
disease transmission among gay or bisexual men who use Viagra, San 
Francisco 2000-2001. AIDS. 2002; 16:1425-1428. 

 
 
 



 

164 

IV. MANUSCRIPT 2 

 

Unprotected anal intercourse and substance use among men who have sex with 

men with recent HIV infection 

 

 

A. Abstract 

Objectives: To examine cross-sectional trends, within-subjects, and overall 

associations between substance use and unprotected anal intercourse (UAI) among 

men who have sex with men (MSM) with recent HIV infection. 

Methods: 194 MSM, who were recently infected with HIV, completed a computer-

assisted questionnaire regarding sexual behaviors and substance use with their last 

three partners. Associations between UAI and substance use were assessed using: 

Cuzick’s test for trend for substance use across UAI categories (UAI with none, some, 

or all of the partners); conditional logistic regression (CLR) to assess associations 

among the 116 MSM reporting UAI with some, but not all, partners; and generalized 

estimating equations (GEE) to examine associations within the entire sample (n=194). 

Results: Increasing substance use was reported with UAI ranging from none to some 

to all of the last three partners. In multivariate CLR and GEE models, UAI was 

associated with use of methamphetamine (OR: 4.9 and 2.7 respectively), marijuana 

(OR: 4.0 and 1.9 respectively) and erectile dysfunction medications when used with a 

main partner (OR: 26.0 and 17.1 respectively).  

Conclusions: Results indicate that a direct association may exist between specific 

substances and UAI and provide evidence that use of methamphetamine and EDM may 

contribute to HIV transmission.   
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  B. Introduction 

 Previous studies have demonstrated associations between amphetamine, 

methamphetamine, or nitrite use and human immunodeficiency virus type 1 (HIV) 

seroconversion [1-5], incident sexually transmitted infections (STI) [6-8] or unprotected 

anal intercourse (UAI) [9-16] among men who have sex with men (MSM). However, the 

meaning and significance of these associations is unclear. It has been suggested that 

substance use and sexual risk are markers for risky personality types [17], lack of 

impulse control [18-20], or desire to escape concern about HIV risk [21-25]. In contrast, 

some studies indicate that substance use may have a direct causal effect on sexual 

behavior. Intoxication with alcohol or illicit substances has been shown to compromise 

one’s ability to negotiate or use condoms [26-30]. Additionally, after completion of 

methamphetamine treatment, MSM have reported significant decreases in their number 

of sexual partners and an increase in their ability to use condoms [31;32] as compared 

to just before initiating treatment, suggesting that methamphetamine had impaired their 

ability to practice safer sex. Higher rates of substance use among MSM compared to the 

general population [33;34] coupled with high HIV incidence [35] and prevalence [36] 

highlight the need to better understand associations between substance use and UAI. 

 Leigh and Stall have proposed that event and within-subjects analyses provide 

better understanding of the true associations between drug use and HIV/STI risk than 

studies of global or situational associations [37]. Event and within-subject analyses 

examine one instance of sexual behavior and measure occurrence of substance use at 

that instance, which provides evidence of a direct association. Within-subjects analyses 

differ from event analyses by controlling for individual characteristics that are difficult to 

measure, through using individuals as their own control while comparing instances when 

risky sexual activity did and did not occur. In contrast, situational association studies 
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measure the frequency of substance use before sexual activity in relation to the 

occurrence or frequency of high-risk sexual activity. Global association studies examine 

substance use and high-risk sexual activity in general. These studies are unable to 

establish temporality (i.e., that substance use occurred during or immediately prior to the 

high-risk sexual situation).  

 Few studies that examine event or within-subjects analyses in the context of 

substance use and HIV have been published, and some provide conflicting evidence. 

Among HIV-negative MSM, event level associations between UAI and use of alcohol, 

methamphetamine, ecstasy, gamma hydroxyl-butyrate (GHB), or ketamine during sex, 

but not when used outside of sexual activity [10] have been demonstrated. Additionally, 

substance use, collapsed across amyl nitrites, cocaine and amphetamine, has been 

associated with sero-discordant UAI in within-subjects analyses among HIV negative 

MSM [38]. In contrast, an earlier study of MSM with unknown HIV status revealed no 

within-subjects associations between substance use and UAI [39].  Although a growing 

number of cross-sectional studies have demonstrated global associations between 

Viagra® (sildenafil) use and UAI [9;40-44], to our knowledge no within-subjects or event 

studies have taken into account erectile dysfunction medications (EDM) (i.e.,Viagra®, 

Cialis®, and Levitra®), which represent an emerging class of abused substances [44-

46].  

 To further elucidate the relationship between substance use and UAI, we studied 

a unique cohort of MSM with recent HIV infection. Occurrence of UAI within this cohort is 

of particular interest because recent risk behaviors coincide with acquisition of HIV, and 

at each episode of UAI following infection, further HIV transmission is likely, due to the 

high viral loads observed during early infection [47-50]. The objectives of this study 

were: 1) to examine cross-sectional trends in UAI and substance use; 2) to estimate 
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associations between use of specific recreational substances and EDM on UAI while 

using individuals as their own control in within-subjects analyses; and 3) to determine if 

recreational substance use was associated with UAI when considering all participants, 

including those with no variation in UAI between partners. 

 

C. Methods 

 Between May 2002 and July 2005, 211 people enrolled in the Acute Infection and 

Early Disease Research Program (AIEDRP) in San Diego and Los Angeles and 

provided informed consent. Of those, 207 (98%) completed a computer-assisted self 

interview (CASI). All participants had recent HIV infection as determined by one of the 

following: 1) HIV seroconversion within the previous 12 months (negative HIV enzyme 

immunoassay (EIA) followed by positive EIA); 2) presence of HIV RNA in plasma, but a 

negative EIA; or 3) results on a detuned EIA that are consistent with early infection. 

Estimated date of infection for all participants was based on last HIV negative test result 

and serology as previously described [51]. 

 This study includes data from 194 of the 207 subjects who were men that 

reported sexual contact with other men in the previous 12 months. The remaining 13 

subjects, four women, eight men who reported sexual contact with only women and one 

man who reported no sexual activity in the previous 12 months, were excluded since the 

focus of this study was sexual risk behaviors among MSM. Interview data were collected 

using Ci3 (Sawtooth Software, Northbrook, IL). The protocol for this study was approved 

by the Institutional Review Boards of the University of California in San Diego and Los 

Angeles; Harbor/UCLA Hospital; and Cedar Sinai Hospital, Los Angeles. 

 Participants were asked to provide detailed information about the last three 

people with whom they had had sexual contact. Questions were asked for each partner 
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regarding types of sexual activities that occurred, substances used just prior to or during 

sexual activity, partner demographic information, timing of sexual activity with regard to 

meeting the partner, partner HIV status, and partner type (e.g. main, anonymous, etc.). 

Date of HIV diagnosis was established through reviewing medical records and assigned 

as the first positive HIV test that was reported to the participant.  

 For trend analyses, participant responses regarding UAI with the last three 

partners were grouped by those who reported UAI with none of the last three partners, 

UAI with one or two (i.e., some) of the last three partners, and UAI with all of the last 

three partners. These three groups were compared by demographics, sexual history and 

type of substance use using analysis of variance (ANOVA), chi-square analyses, or 

Fisher’s exact tests. For proportions of substance use across categories of UAI (from 

UAI with none to UAI with all of the last three partners), Cuzick’s test was used to 

identify specific trends across UAI categories.  

Repeated measures analyses were used to assess UAI and drug use for each of 

the last 3 partners individually. Univariate and multivariate conditional logistic regression 

(CLR) models were used to examine associations between substances used and UAI 

among the 116 MSM reporting UAI with some of their last three partners in within-

subjects analyses. CLR enables one to examine change from one time point to the next 

at the individual level while conditioning on individual characteristics; thus allowing 

examination of individual behavior in the presence and absence of substance use while 

controlling for unmeasured individual characteristics [52], such as personality type.  

Analyses that examined associations between UAI and substance use prior to 

sexual activity across all 194 participants were conducted using univariate and 

multivariate generalized estimating equations (GEE). GEE models correct variance 

estimates for repeated measures on the same individual, but do not require that all 
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subjects have variation in UAI because they provide information on the association 

between two variables regardless of individual change [53]. Interactions between EDM 

use and partner type were examined in both GEE and CLR models and were considered 

statistically significant at a p-value of 0.1. Analyses were performed using STATA 

version 8.2 SE (STATA Corporation, College Station, TX).  

 

D. Results 

 Patients were interviewed on average 16 (median 14) weeks after their estimated 

date of HIV infection, and on average 5 (median 3) weeks after receiving an HIV-positive 

diagnosis. Respondents had a mean age of 35 years (range 18-65) and were mostly 

white (69.6%). Almost half (47.9%) reported completing college or higher education and 

over two thirds (71.6%) were employed (Table 1). Twelve subjects (6.2%) reported 

sexual activity with both men and women in the past 12 months; the remaining 93.8% 

reported sexual contact exclusively with men. The median reported number of male 

partners was: 99 for lifetime (range 2-1000); 20.5 in the previous 12 months (range 1-

750); and 4 in the previous 3 months (range 0-100).  

Use of any substance with any of the last three partners was reported by 58% of 

participants. Use of specific substance types with any of the last three partners were 

reported as follows: methamphetamine 31%; volatile nitrites 33%; marijuana 25%; GHB 

13%; methylenedioxymethamphetamine (MDMA) 7%; cocaine 5%; ketamine 3%; other 

drugs 6%; EDM 23%; polydrug use (a combination of two or more substances except 

EDM) 35%.   

 All but six participants reported having sexual contact with three or more partners 

in the previous 12 months. When categorized by how many of the last three partners 

participants had UAI with, 16% (31) reported no UAI; 60% (116) reported UAI with some, 
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but not all of the last three partners; and 24% (47) reported UAI will all of their last three 

partners. By ANOVA, chi-square or Fisher’s exact test, participants did not differ by 

demographic or sexual history characteristics across these three categories of UAI 

(Table 1). 

 There were, however, significant differences by chi-square or Fisher’s exact tests 

between these three groups by proportion of substance use (Figure 1). Proportions of 

drug use increased across categories of UAI from none of the last three partners, to 

some, to all respectively for methamphetamine (16.1% v. 27.6% v. 51.1%, p=0.002); 

nitrites (12.9% v. 32.8% v.44.7%, p=0.011); polydrug use (16.1% v. 31.9% v. 53.2%, 

p=0.002); and GHB (3.2% v. 11.2% v. 23.4%, p=0.031). MDMA approached statistical 

significance (0 v. 6.9% v. 12.8%, p=0.088); however, few participants reported MDMA 

use with their last three partners (n=14, 7.2%). By Cuzick’s test, statistically significant 

trends of increasing use were seen with methamphetamine (p<0.01), nitrites (p<0.01), 

GHB (p=0.01), MDMA (p=0.03), and polydrug use (p<0.01) from reporting UAI with 

none, to some, to all of the last three partners (Figure 1). No significant associations 

were seen for cocaine, marijuana, or all substances combined. Interestingly, the 

frequency of EDM use across categories of UAI was the same, 22.6%, 23.3%, 21.3% for 

no UAI, UAI with some, and UAI with all respectively. 

 

Within-subjects analyses: Among the 116 MSM who reported UAI with some (but not 

all) partners, UAI was more commonly reported with partners whom participants had 

used methamphetamine (OR=5.28), volatile nitrites (OR=2.55), marijuana (OR=5.74), 

multiple classes of substances (“polydrug” use, OR=4.18), or any substance (OR=3.83) 

when compared to their partners in which drug use did not occur using CLR (Table 2).  
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 Similar associations were seen in multivariate CLR models, which included 

methamphetamine, nitrites, marijuana, and EDM and controlled for partner type (main v. 

all other types), partner age, days between meeting the partner and sexual intercourse, 

partner HIV status and whether sexual contact occurred before or after HIV diagnosis 

(Table 3). In the CLR model, which controls for underlying characteristics of the 

participants, methamphetamine use was the strongest predictor of UAI (OR=4.86), 

followed by marijuana use (OR=4.01). In addition, a significant interaction between EDM 

use and partner type was present in which EDM use with the main partner (e.g., 

boyfriend, life partner) greatly increased the likelihood of UAI (OR=26.0). Partner’s age 

and HIV status, partner type, and timing of first sexual contact or sexual contact with 

regard to HIV diagnosis were not associated with UAI. 

 

Situational analyses: In univariate GEE models which included the entire sample 

(n=194) regardless of variation in UAI between partners, methamphetamine (OR=3.13), 

volatile nitrites (OR=2.27), GHB (OR=4.22), marijuana (OR=3.09), polydrug use 

(OR=3.39), or use of any substance (OR=2.24) were associated with UAI (Table 2). In 

multivariate GEE models, which included methamphetamine, nitrites, marijuana, and 

EDM and controlled for partner type, partner age, days between meeting the partner and 

sexual intercourse, partner HIV status and whether sexual contact occurred before or 

after HIV diagnosis, methamphetamine use was the strongest predictor of UAI 

(OR=2.71), followed by marijuana use (OR=1.94) (Table 3). The significant interaction 

between the main partner type and EDM use was also present in the GEE model 

(OR=17.1). In addition, having a main partner (OR=2.2), an HIV positive partner 

(OR=1.92) or sexual contact occurring before HIV diagnosis (OR=1.62) were also 
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associated with UAI and volatile nitrite use was marginally associated with UAI 

(OR=1.64, p=0.062). No additional variables were associated with UAI. 

 Due to possible differences in associations between substance use and UAI by 

partner type, as observed by the interaction between EDM use and partner type, we 

constructed two additional multivariate GEE models that examined these associations 

among only main partners (e.g. boyfriend) or only non-main partners (Figure 2). In the 

main partner model (n=105 partners), associations between UAI and EDM use 

(OR=6.94, p=0.09) or having an HIV positive partner (OR=5.67, p=0.06) approached 

statistical significance; no other controlling variables or substances were associated with 

UAI (p>0.05). However, in models which examined only non-main partners (n=477 

partners), UAI was significantly associated with methamphetamine use (OR=2.87, 

p=0.001), nitrite use (OR=1.76, p=0.05), marijuana use (OR=2.22, p=0.03) and sexual 

contact occurring before HIV diagnosis (OR=1.77, p=0.01). EDM use did not approach 

statistical significance in this model (p=0.79).  

 

E. Discussion 

 In this study of MSM with recent HIV infection, methamphetamine, marijuana, 

nitrites and EDM use were associated with UAI. Methamphetamine, marijuana and EDM 

use with main partners were associated with UAI in within-subjects analyses, suggesting 

that use of these substances may increase UAI independent of individual characteristics 

and that this association might not be confounded by personality for these drugs as has 

been previously suggested [17-19]. Additionally, in analyses of situational associations 

that included the entire sample (GEE), use of methamphetamine, marijuana, and EDM 

with a main partner were associated with UAI, suggesting that the results seen in within-

subjects analyses also exist in the larger sample. The current study contributes to the 
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overall understanding of drug use and UAI by: 1) providing support to prior studies which 

demonstrate associations between methamphetamine or EDM and sexual risk behavior 

[9;10;38;54;55]; 2) clarifying that a direct association is likely to exist between specific 

drugs and UAI; and 3) providing evidence that use of methamphetamine, EDM and 

possibly other illicit drugs, may contribute to HIV transmission.   

 In all analyses, the most important predictor of UAI among the last three sexual 

partners was methamphetamine use, suggesting that methamphetamine is an 

independent predictor of HIV transmission. To our knowledge, our study is the first to 

demonstrate that methamphetamine is associated with UAI among recently HIV infected 

MSM while controlling for individual factors using within-subjects analyses. Additionally, 

the most dramatic trends of increasing use by category of UAI were demonstrated with 

methamphetamine. Considering the transmissibility of HIV during early infection, these 

analyses suggest that methamphetamine may contribute significantly to HIV 

transmission from newly infected MSM to others. 

 There are many plausible pathways in which methamphetamine could increase 

the risk of UAI. Methamphetamine could impair judgment or reduce ability to negotiate 

condom use through direct effects on mental functioning [56]. Additionally, 

methamphetamine has been reported to increase individuals’ desire for sexual activity 

[57-60], which independently, or in combination with modified mental functioning, could 

result in increased likelihood of UAI.  

 Of interest was our finding that the association between UAI and EDM use 

differed by partner type. EDM use was only associated with UAI when used with main 

partners, but not other partner types. To our knowledge, no study has documented a 

differential effect of EDM use on UAI in relation to partner type. However, studies 

examining nitrites, marijuana, and GHB [10] or alcohol [26;27] use have demonstrated 
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differences in sexual behavior by partner type. It is possible that the association we 

observed reflects the differential use of EDM according to the specific type of anal 

intercourse (insertive or receptive). EDM are more likely to be used by the insertive 

rather than the receptive partner during UAI and most participants in our sample 

reported being the latter. Among the 102 participants for whom type of UAI (insertive 

versus receptive) was measured, only 30% reported being the insertive partner with their 

last three partners. Additionally, participants were more likely to report insertive UAI with 

main partners than other types (OR=1.98, p=0.02) by GEE, suggesting that the 

interaction between EDM use and main partners could be due to sexual positioning. 

However, data were too sparse to determine if EDM use was independently associated 

with insertive UAI. Regardless of sexual positioning, the relatively high use of EDM 

among MSM who do not have erectile dysfunction, as demonstrated here and in 

previous studies [41;44], does raise concern about EDM misuse. 

 Conversely, use of methamphetamine was more common with other partner 

types than the main partner. We found that methamphetamine, nitrites, or marijuana did 

not predict UAI with the main partner, suggesting that significant interactions between 

partner dynamics and drug use may affect UAI. We recommend that future studies 

explore associations between drug use and UAI in the context of partner type. For 

example, EDM may be used in the context of planned UAI, while other substances such 

as methamphetamine may lead to unplanned UAI due to physiological drug effects. Our 

results should be interpreted cautiously since they are based on a very small proportion 

of EDM users with main partners, as indicated by the large confidence intervals. 

 The association between nitrite use and UAI ranged between statistically 

significant to marginally significant in GEE and CLR analyses, which is consistent with 

previous studies examining nitrite use and UAI [11-15] or HIV seroconversion [2;4;5;61]. 
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In our study, the association was not as strong as for methamphetamine, even though 

the prevalence of use was similar, suggesting that nitrites may be less likely to contribute 

directly to UAI than other substances. Lack of association between UAI and nitrite use 

has been demonstrated previously [10] and frequent use of nitrites (once per week or 

more) was not associated with increased risk of UAI with a serodiscordant partner [38]. 

However, we did observe a significant trend in nitrite use by UAI category. The ambiguity 

of the association between nitrite use and UAI may be a result of use of nitrites for 

preplanned UAI, as nitrites do not appear to alter mental functioning [62].  

 Significant associations were also observed between marijuana use and UAI 

among those who reported variation in UAI and the overall sample, suggesting that 

marijuana is an independent risk factor for UAI, but no trend of increasing use with UAI 

category was observed. In contrast to our study, a previous event analysis study 

demonstrated that marijuana use in general was associated with UAI, but not when 

marijuana was used during sexual activity [10], suggesting that marijuana use is more 

likely to be a marker of high risk behaviors in general than a risk factor for UAI. Although 

the associations between marijuana use and UAI in our study may be valid, over half of 

marijuana users also used methamphetamine, suggesting that associations between 

UAI and marijuana may be an artifact of the overlap in use of methamphetamine. 

Overlap between marijuana or nitrite use and methamphetamine is not uncommon 

among MSM [63], therefore future studies could benefit from examining marijuana and 

nitrite use in within-subjects analyses and take into account polydrug use.   

 As with all studies, our study has some inherent limitations. Many studies have 

suggested that alcohol use is associated with increased UAI among HIV infected [64-66] 

and uninfected MSM [10;13;67;68]; however, since alcohol use was not measured in our 

study interactions between alcohol and substance use could not be examined and 
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alcohol could not be considered as a confounder. Additionally, significant associations 

between GHB and MDMA were observed in univariate, but not multivariate, analyses, 

which may have been due to lack of power. Our sample may not be representative of all 

MSM who are at risk for HIV as they were only sampled from Southern California, the 

majority self-reported white ethnicity, and they were well educated. Additionally, 

substance use may vary by region, and MSM on the east coast of the United States may 

be more likely to use substances such as heroin or cocaine, whereas those on the west 

coast may be more likely to use substances such as methamphetamine [33;69]. 

Therefore these data should not be extrapolated to all types of substance use.   

 These analyses provide new evidence that supports a growing body of literature 

demonstrating that use of methamphetamine just prior to or during sexual activity 

increases the likelihood of UAI among MSM. Additionally, our study demonstrates that 

this is occurring among recently infected MSM, suggesting that methamphetamine use 

may be helping to propagate the current HIV epidemic among MSM in the United States. 

We also confirm that EDM use has become a stable drug of misuse among some MSM 

and demonstrate that it may increase the risk of UAI, and therefore increase the risk of 

HIV transmission, with particular types of partners. Interventions that focus on 

methamphetamine abuse prevention or rehabilitation and help prevent adoption of 

emerging substances of abuse among recently HIV infected MSM may help to reduce 

HIV incidence among MSM.  

 

 

 

 

 



 

 

177 

F. Acknowledgements:  

The authors would like to acknowledge and thank W. Susan Cheng for her assistance in 

data collection and management; and Tari Gilbert, Jacqui Pitt, Paula Potter, Joanne 

Santangelo, and the University of California, San Diego Antiviral Research Center staff 

for their support in data collection. We would also like to thank Dr. Simon Frost for his 

suggestions and assistance in developing and writing this manuscript. Most of all we 

would like to thank our participants for the time and effort they have contributed to this 

study; without their willingness to participate and share their personal information with us 

this research would not be possible. Funding for this study was provided by: the National 

Institutes of Allergy and Infectious Diseases, grant # AI43638 (The Southern California 

Primary Infections Program); and the Universitywide AIDS Research Program, grant # 

ID01-SDSU-056; grant # IS02-SD-701; and grant # D03-SD-400.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

178 

G. Chapter Acknowledgements 

 This chapter was submitted in it’s entirety as a manuscript for publication in the 

Journal of Acquired Immune Deficiency Syndromes and is under review as of the 

completion of this dissertation. The author of this dissertation, Lydia N. Drumright, will 

appear as the primary author on this manuscript in publication. The following are the 

contributing authors and their affiliations in the order in which they appear on the 

submitted manuscript: Susan J. Little, M.D., University of California, San Diego (UCSD), 

Department of Medicine, Antiviral Research Center; Steffanie A. Strathdee, Ph.D., 

UCSD, Department of Family and Preventive Medicine, Head of the Division of Cross-

Cultural Medicine and Harold Simon Chair; Donald J. Slymen, Ph.D., San Diego State 

University (SDSU), Graduate School of Public Health; Maria Rosario G. Aaraneta, Ph.D., 

UCSD, Department of Family and Preventive Medicine; Vanessa L. Malcarne, Ph.D., 

SDSU, Department of Psychology; Eric S. Daar, M.D., University of California, Los 

Angeles (UCLA), David Geffen School of Medicine and Harbor-UCLA Hospital, 

Biomedical Research Institute; and Pamina M. Gorbach, DrPH, UCLA, School of Public 

Health and David Geffen School of Medicine, Division of Infectious Diseases. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

179 

Table 4-1: Unprotected anal intercourse (UAI) among the last three partners by 

demographics and sexual history (n=194) 

 UAI with Last Three Partners  

 No UAI 

% (n) 

mean 

(median) 

n=31 

Variation in 

UAI 

% (n) 

mean (median) 

n=116 

UAI with All 

% (n) 

mean 

(median) 

n=47 

Total 

% (n) 

mean (median) 

n=194 

Age*  33.8 (34) 35.1 (36) 35.6 (37) 35.0 (35) 

White ethnicity* 61.3 (19) 68.1 (79) 78.7 (37) 69.6 (135) 

Unemployed* 38.7 (12) 28.5 (33) 25.5 (12) 29.4 (57) 

Completed college or higher* 38.7 (12) 52.6 (61) 42.6 (20) 47.9 (93) 

Recruited from main site* 87.1 (27) 87.1 (101) 76.6 (36) 84.5 (164) 

Lifetime male sexual partners* 156 (75) 229 (99) 242 (100) 220 (99) 

Male sexual partners in past 12 mo* 52 (14) 36 (20) 34 (25) 38 (20.5) 

Male sexual partners in past 3 mo* 8 (3) 8 (4.5) 9 (5) 9 (4) 

Sex with men & women past 12 mo
ŧ
 3.2 (1) 6.0 (7) 8.5 (4) 6.2 (12) 

* p>0.05 between UAI groups by chi-square analysis or ANOVA ŧ
 p>0.05 between UAI groups by Fisher’s exact test 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
Figure 4-1: Frequency of reporting substance use with any of the last three partners by UAI category (none- no UAI with any of 

the last 3 v. some- UAI with some, but not all of the last three v. all- UAI with all of the last three) compared using chi-square 

analyses, Fisher’s exact test, and Cuzick’s test for trend (n=194). 
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Table 4-2: Univariate analysis of substance use by UAI across the last three partners 

using GEE for repeated measures among all participants and CLR for within subject 

comparisons among those who report variation in UAI by the last three partners  

 Conditional Logistic 

Regression 

n=116 

GEE 

n=194 

 OR 95% CI p-value OR 95% CI p-value 

Methamphetamine 5.28 1.92, 14.6 0.001 3.13 1.96, 5.0 0.001 

Volatile Nitrites 2.55 1.14, 5.69 0.023 2.27 1.42, 3.61 0.001 

GHB 3.39 0.87, 13.2 0.079 4.22 1.86, 9.58 0.001 

MDMA 2.50 0.45, 14.0 0.297 2.74 1.0, 7.68 0.055 

Ketamine Too few observations 5.81 0.60, 56.6 0.130 

Cocaine 3.07 0.56, 16.9 0.199 2.42 0.63, 9.23 0.197 

Marijuana 5.74 2.13, 15.5 0.001 3.09 1.73, 5.51 0.001 

Any Substance* 3.83 1.89, 7.76 0.001 2.24 1.56, 3.23 0.001 

Polydrug Use** 4.18 1.75, 9.99 0.001 3.39 2.08, 5.51 0.001 

EDM 2.65 0.97, 7.28 0.059 1.49 0.89, 2.51 0.131 

OR= odds ratio    CI= confidence interval 

GEE= generalized estimating equations  CLR= conditional logistic regression 

UAI= unprotected anal intercourse  EDM= erectile dysfunction medication 

* Any substance refers to any illicit substance, but does not include EDM 

** Polydrug use refers to the use of more than one type of substance, not including EDM 

% using substance types differs between CLR and GEE due to different sample sizes 
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Table 4-3: Multivariate conditional logistic regression and generalized estimating 

equation (GEE) models comparing unprotected anal intercourse (UAI) and substance 

use among the last three partners 

 Conditional Logistic 

Regression 

(n=116) 

GEE 

(n=194) 

 OR 95% CI p-value OR 95% CI p-value 

Methamphetamine 4.86 1.36, 17.4 0.015 2.71 1.62, 4.55 0.001 

Volatile Nitrites 1.34 0.52, 3.42 0.546 1.64 0.98, 2.75 0.062 

Marijuana 4.01 1.35, 11.9 0.012 1.94 1.05, 3.61 0.036 

Main partner & EDM Use Interaction       

   Other partner & no EDM REF   REF   

   Other partner, EDM used 1.52 0.46, 5.04 0.492 0.94 0.51, 1.74 0.833 

   Main partner, no EDM 1.88 0.90, 3.96 0.095 2.20 1.31, 3.69 0.003 

   Main partner, EDM used  26.0 2.05, 330 0.012 17.1 1.78, 163 0.014 

Partner’s Age (per year) 0.97 0.93, 1.01 0.123 1.00 0.98, 1.02 0.912 

Days from Meeting to Sexual 

Intercourse 

1.00 0.99, 1.01 0.540 1.00 0.99, 1.01 0.719 

Partner HIV status:       

       HIV positive 1.73 0.68, 4.44 0.253 1.92 1.04, 3.56 0.038 

       HIV negative 1.10 0.58, 2.07 0.774 1.08 0.72, 1.62 0.709 

       Unknown HIV serostatus REF   REF   

Sex occurring before HIV 

diagnosis 

1.43 0.68, 2.98 0.346 1.62 1.10, 2.39 0.014 

OR= odds ratio    CI=confidence interval 
EDM=erectile dysfunction medication  REF= reference category  HIV= human 
immunodeficiency virus 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 4-2: Separate multivariate generalized estimating equation (GEE) models comparing unprotected anal intercourse (UAI) 

and substance use among the last three partners, stratified by partner type (main partners v. all other partner types). 

All models adjusted for variables in figure as well as partner’s age, days between meeting partner and occurrence of first sexual intercourse, partner HIV status, and timing of 

sexual intercourse (i.e. before or after HIV diagnosis). EDM= erectile dysfunction medication.
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V. MANUSCRIPT 3 
 
 

Unprotected anal intercourse and substance use befo re and after HIV diagnosis 
among recently HIV infected men who have sex with m en 

 

A. Abstract 

Background: Literature is conflicting regarding the extent to which men who have sex 

with men (MSM) modify their recreational substance use and sexual behavior after 

testing HIV-positive. We assessed associations between unprotected anal intercourse 

(UAI) and substance use before and after HIV diagnosis among recently HIV infected 

MSM. 

Methods: 207 recently HIV-infected MSM were recruited in Southern California and 

completed computer assisted survey instruments (CASI) including questions regarding 

type and timing of sexual activity and substance use with their last three partners. Date 

of HIV diagnosis was extracted from medical records. Generalized estimating equations 

including interaction terms were used to assess associations between substance use 

and UAI before and after HIV diagnosis. 

Results: Participants completed surveys on average 5 weeks after HIV diagnosis (13 

weeks after estimated date of infection). The percent of partners with whom UAI 

occurred decreased after diagnosis (59.7 vs. 50.7%). Among partners with whom 

sexual activity occurred before diagnosis, UAI was associated with methamphetamine 

use alone (OR=4.80, 95% CI: 1.4, 16.1) and a combination of methamphetamine and 

other substances (OR=4.11, 95% CI: 1.9, 8.8). However after HIV diagnosis, UAI was 

associated with use of substances other than methamphetamine (OR=1.96, 95% CI: 

1.3, 5.3) and a combination of methamphetamine and other substances (OR=5.08, 95% 

CI: 2.3, 11.2), but not methamphetamine alone. 
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Conclusions:  Use of specific recreational substances may be differentially associated 

with UAI based on knowledge of HIV status. These findings have implications for 

prevention of onward HIV transmission. 
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B. Introduction  

 In recent years, the United States (U.S.) Centers for Disease Control and 

Prevention has called for human immunodeficiency virus type 1 (HIV) prevention efforts 

to shift from focusing only on HIV-negative individuals to include both HIV-negative and 

-positive individuals [1;2]. Such efforts are especially needed among men who have sex 

with men (MSM) who continue to bear a disproportionate burden of HIV infection in the 

U.S. and other developed countries [3-8].  

Some MSM make a deliberate change in risk behavior after HIV diagnosis, 

possibly to prevent transmission to others. Among a sample of 104 New York City HIV-

infected MSM with documented substance abuse disorders, 53 percent reported 

discontinuation of alcohol or substance use in response to HIV diagnosis [9]. In a 

longitudinal study of 78 HIV-infected individuals in Norway, of whom the majority were 

MSM, significant increases in condom use were reported after HIV diagnosis [10]. In a 

U.S. survey of 1,923 MSM who were infected with HIV for 12 months or more, 31 

percent reported abstinence, only 40 percent reported insertive anal intercourse (IAI) 

with their last partner, and 75 percent of those reporting IAI used condoms with their 

last partner [11]. When compared to their HIV negative peers, some researchers have 

found that HIV-infected MSM report fewer partners [12], more condom use [13], and 

less frequent trading of sex for money or drugs [12].  

 Other studies report ongoing high-risk behaviors among HIV-infected MSM. In a 

study of HIV-infected MSM in Australia, those who were aware of that they had HIV 

were more likely to report UAI than those who were HIV-negative [14]. In a study in New 

York, HIV-infected MSM were more likely to be infected with syphilis than HIV-negative 

MSM [15]. In a study in San Francisco, over half (59%) of young MSM reported UAI 

despite knowing that they were HIV-positive [16].  
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 Reductions in high risk sexual behavior following HIV diagnosis among MSM 

have been associated with specific attitudinal characteristics. Some HIV-infected MSM 

have reported that it was their responsibility to protect their sex partners from HIV 

[17;18]. It has been suggested that those who report that protecting their partners from 

HIV is not their responsibility are more likely to report insertive UAI than those who 

report that it is their responsibility [19]. Some HIV-infected MSM report sexual 

positioning, for example by participating in receptive rather than insertive UAI, in the 

hope of reducing the risk of HIV transmission to their partners [20;21]. Other studies 

have reported associations between increased risk of UAI and HIV treatment optimism 

or knowledge of reduced viral loads among HIV-positive MSM [22-25].  

Some studies have suggested that use of illicit substances is associated with 

ongoing high-risk sexual behaviors among HIV-positive MSM. Use of alcohol [26] and 

nitrites [26;27] have been associated with UAI among HIV-positive MSM who were 

aware of their serostatus. Use of crack cocaine after HIV diagnosis has been 

associated with trading sex for money or illicit substances among MSM [28]. Illicit 

substance use may also modify the sense of shared responsibility for adopting safer 

sex behaviors. In a study of HIV-positive MSM conducted in Los Angeles, those who 

were methamphetamine-dependent were more likely to report that it was the HIV-

negative person’s responsibility to initiate a discussion about safer sex [29].  

 The period soon after HIV seroconversion is a critical juncture for prevention due 

to high HIV-1 viral loads that are associated with a higher probability of HIV 

transmission [30-34]. Reduction of risk behavior, coupled with early diagnosis of HIV 

infection, is important for preventing HIV among infected individuals. Understanding 

how risk behaviors are modified after diagnosis is important in designing appropriate 

behavioral interventions. However, most studies of behavior change have been 
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conducted in HIV-positive MSM who were not recently infected. The current study aims 

to elucidate the relationship between illicit substance use and UAI before and after HIV 

diagnosis among newly infected HIV-positive MSM. 

 

C. Methods 

 Between May 2002 and October 2005, 265 recently HIV-infected persons were 

referred to the Acute Infection and Early Disease Research Program (AIEDRP) in San 

Diego and Los Angeles by physicians, HIV test-counselors, and community 

organizations. Of those referred, 97% (n=257) were eligible (i.e., had acute or early HIV 

infection) and consented to participate in AIEDRP. Eighty-six percent of these 

participants (n=222) were asked to complete a computer-assisted self interview (CASI) 

regarding HIV risk behaviors. Two-hundred eighteen (98%) volunteered to complete the 

CASI and provided informed consent. Of these, three were women, seven were men 

who reported sexual contact with only women in the previous 12 months, and 208 were 

men who reported sexual contact with other men in the previous 12 months. The 

current analyses include 207 MSM who responded to CASI and reported that at least 

one of their last three sexual partners was a man; one man reported all female partners 

among his last three partners.  

All MSM had recent HIV infection as determined by one of the following: 1) 

presence of HIV RNA in plasma, but a negative enzyme immunoassay (EIA); 2) results 

on detuned and sensitive EIAs that were consistent with early HIV infection; or 3) HIV 

seroconversion within the previous 12 months (negative EIA followed by positive EIA). 

Estimated date of infection for all participants was based on last HIV negative test result 

and serology as previously described [35]. Date of HIV diagnosis was established 
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through reviewing medical records and assigned as the first positive HIV test that was 

reported to the participant. 

 Using CASI, participants were asked to provide detailed information about the 

last three people with whom they had had sexual contact. Questions were asked for 

each partner regarding duration of time between the interview and the first and last time 

they had sexual intercourse with each partner. Additionally, participants were asked 

about types of sexual activities that occurred (e.g., insertive or receptive oral and anal 

intercourse), substances used just prior to or during sexual activity (e.g., 

methamphetamine, marijuana, cocaine), partner demographic information, meeting 

location of partner, partner HIV status, and partner type (i.e., main, regular, friends, 

acquaintances, one-time, anonymous, and trade). Although participants were asked 

about specific substances, data for these analyses were collapsed into no substance 

use, methamphetamine only, substances other than methamphetamine, or a 

combination of methamphetamine and other substances. The protocol for this study 

was approved by the Institutional Review Boards of the University of California, San 

Diego; University of California, Los Angeles (UCLA); Harbor Hospital UCLA, and 

Cedars-Sinai Hospital.  

Univariate and multivariate associations between UAI and substance among the 

603 male partners reported by 207 MSM were conducted using generalized estimating 

equations (GEE) to correct for variance estimates of repeated measures [36]. 

Interactions between timing of sexual activity (i.e., before versus after HIV diagnosis) 

and substance use were included in GEE models to determine if there were significant 

temporal changes in the associations between UAI and substance use.  

To further assess potential interactions and to describe changes in associations 

between UAI and the covariates before and after HIV diagnosis, we conducted a sub-
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analysis in which participants’ last three sexual partners were stratified into two different 

categories: those with whom all sexual contact occurred before the participant’s medical 

record HIV diagnosis date and those with whom sexual contact occurred after the HIV 

diagnosis on participant’s medical record. Separate GEE analyses were used to 

examine associations between UAI and substance use for each of these strata.  

Contrasts were constructed to identify statistically significant differences 

between the effects of methamphetamine and other substances on UAI in all models. 

All GEE models were conducted using a binomial family, a logit link and an unstructured 

correlation matrix. Analyses were performed using STATA version 8.2 SE (STATA 

Corporation, College Station, TX).  

 
D. Results 
 
 The 207 MSM included in this study completed their baseline interviews on 

average 13 (median 14) weeks after their estimated date of HIV infection, and on 

average 5 (median 3) weeks after receiving their HIV-positive diagnosis. Among the 207 

MSM, 612 partners were reported, of whom nine were female; these partners were 

excluded from analysis because substance use and unprotected sexual activity may 

differ between same sex and opposite sex partnerships [13].  

 Of the 207 participants, the mean age was 35 years (range 18-65) and most 

were white (70.1%); 20.8% were Hispanic, 2.9% were African American/Black, 2.4% 

were Asian, and 3.9% reported other ethnicity. Almost half (46.9%) reported completing 

college or higher education and 30.4% were unemployed at the time of their interview 

(Table 1). The median reported number of male partners was: 20.0 in the previous 12 

months (mean 38); 4 in the previous 3 months (mean 9.2); and 1 in the past month 

(mean 3.6). The average reported age of sexual debut was 16 years.   
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 Of the last three partners, the mean reported age was 33 years, and most 

(62.2%) were white (Table 1). A range of different partner types were reported with the 

last three, including 18.4% who were main partners (e.g., boyfriend). The distribution of 

other partner types among the last three included: 25.5% unknown (e.g., anonymous), 

16.3% onetime (i.e., a known onetime contact), 17.6% acquaintances (e.g., casual), 

10.1% regular, but not main, 9.6% friends, and the remaining 1.1% trade (e.g., 

commercial sex work). Respondents reported meeting 12.1% of their last three partners 

in a bathhouse. Most (45.9%) of the last three partners were reported to have unknown 

HIV status, 42.2% were believed to be HIV-negative and 11.9% were believed to be 

HIV-positive. Sexual activity prior to diagnosis was reported with 317 (52.6%) of the 

partners and with 286 (47.4%) partners sexual activity occurred after diagnosis (Table 

1). 

  Use of illicit substances just prior to or during sexual activity was reported with 

45.9% of partners. Recreational substances were classified as follows: 

methamphetamine alone (5.5%), other substances alone (20.4%) and 

methamphetamine and other substances combined (18.1%) (Table 1). Among those 

reporting combined use of  methamphetamine and other substances with the last three 

partners, nitrites (62.4%), gamma hydroxybutyrate (GHB) (44.0%), and marijuana 

(35.8%) were most commonly reported with methamphetamine. Among those reporting 

substance use other than methamphetamine with their last three partners, nitrites 

(44.7%) and marijuana (32.5%) were most commonly reported.  

Use of substances other than methamphetamine just prior to sexual activity was 

reported with a greater proportion of sexual partners after diagnosis (29.0%) than 

before (12.6%, p=0.001) (Figure 1). In contrast, the proportion of sexual partners with 

whom methamphetamine use was reported, either alone (6.9% before vs. 3.9% after, 
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p=0.21) or in combination with other substances (19.2% vs.16.8%, respectively, 

p=0.34), did not change significantly following diagnosis. 

 In multivariate GEE models containing both independent variables and 

interaction terms (Table 2), methamphetamine use only (OR=4.39, p=0.01, CI: 1.36-

14.2), methamphetamine and other substances (OR=4.01, p<0.01, CI: 1.9-8.45), and 

sexual contact occurring after HIV diagnosis as compared to exclusively before 

diagnosis (OR=0.65, p=0.05, CI: 0.42-1.01) were significantly associated with UAI as 

independent variables. In the same model (Table 2), interactions between timing of 

sexual activity and substance use revealed marginally significant (0.1 > p > 0.05) 

associations that were observed for methamphetamine only (p=0.08) and substances 

other than methamphetamine (p=0.01), but not methamphetamine and other 

substances combined (p=0.94). 

 Before diagnosis, those who used methamphetamine prior to or during sexual 

activity with a particular partner were more than four times as likely to report UAI with 

that partner (Figure 2) compared to MSM with no substance use. However, after HIV 

diagnosis those who reported methamphetamine use only with a particular partner were 

no more likely to report UAI with that partner than those who reported no substance use 

following HIV diagnosis. The difference in association between UAI and 

methamphetamine with partners in which all sexual contact occurred after diagnosis 

(OR=0.95) versus before diagnosis (OR=4.39) was marginally significant (p=0.08) 

(Figure 2). Similarly, there were marginally significant differences in the association 

between UAI and other substances when considering sexual contact before and after 

diagnosis through test by interaction (p=0.06) (Figure 2). However, the trend for other 

substances was the opposite of methamphetamine use (p=0.01). Those who reported 

other substance use with partners in which any sexual contact occurred before 
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diagnosis were no more likely than those who reported no substance use to report UAI 

with that partner (OR=0.79) (Figure 2). In comparison, those who reported substance 

use other than methamphetamine with partners in which all sexual activity occurred 

after diagnosis were 1.85 times more likely to report UAI with that partner compared to 

those who reported no substance use. In contrast, use of a combination of 

methamphetamine and other substances was significantly associated with UAI 

regardless of timing of sexual activity and did not change over time (p=0.94) (Figure 2).  

 To confirm differences in the associations between substance use and UAI 

relative to timing of HIV diagnosis suggested by these interactions, we stratified 

partners based on whether sexual contact occurred with the partner after diagnosis 

(n=286 partners) or before (n=317 partners), and analyzed the strata separately using 

two different GEE models (Table 3). The results of these models were highly consistent 

with the results from the whole sample, which modeled the effect of diagnosis using 

interaction terms. After controlling for partner’s HIV status, partner type, and where the 

participant met his partner (bathhouses versus all other locations), those who reported 

methamphetamine use only and those who reported a combination of use of other 

substances and methamphetamine were more likely to report UAI than those who did 

not report substance use (OR=4.80, p=0.011, CI: 1.43-16.1 and OR=4.11, p=0.001, CI: 

1.91-8.84 respectively). Substances other than methamphetamine were not associated 

with increased risk of UAI with partners who had sexual contact with the respondent 

before diagnosis. UAI with these partners was also more likely if the partner was a main 

partner (OR=2.09, p=0.04, CI: 1.02-4.27), but there was no association between UAI 

and partner HIV status or bathhouse meeting location. The effects of methamphetamine 

or a combination of methamphetamine and other substances on UAI were significantly 

different than other substances (p=0.01 and 0.001 respectively).   
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 Among partners with whom all sexual contact occurred after diagnosis, UAI was 

associated with use of substances other than methamphetamine (OR=1.96, p=0.03, CI: 

1.33-5.29), use of a combination of methamphetamine and other substances (OR=5.08, 

p=0.001, CI: 2.29-11.2), sexual contact with a main partner (OR=3.65, p=0.001, CI: 

1.89-7.05), and the partner’s perceived HIV status (OR=0.35, p=0.01, CI: 0.15-0.79 for 

negative vs. positive; OR=0.33, p=0.01, CI: 0.15-0.73 for unknown vs. positive). The 

effect of a combination of methamphetamine and other substances on UAI was 

significantly different than all other substances (p=0.03); however, the effect of 

methamphetamine only on UAI was not significantly different from other substance use 

(p=0.58) and marginally different from a combination of methamphetamine and other 

substances (p=0.08). 

 
E. Discussion  
 
 In our study of recently HIV-infected MSM, reports of UAI with the last three 

sexual partners decreased from 59.6% before HIV diagnosis to 50.7% following HIV 

diagnosis. Of greater interest was our finding that use of specific illicit drugs had 

differential effects on UAI depending on whether or not sexual contact occurred with a 

partner before or after HIV diagnosis. Specifically, methamphetamine use was 

associated with higher odds of UAI with partners in which sexual contact occurred 

before HIV diagnosis, but was not associated with UAI after diagnosis after controlling 

for other substance use. In contrast, use of substances other than methamphetamine 

was not associated with UAI before HIV diagnosis, but was associated with a greater 

likelihood of UAI among partners in which sexual contact occurred after diagnosis. Use 

of methamphetamine combined with other substances increased the likelihood of UAI 

before and after diagnosis equally. These findings have implications with respect to 



 

 

201 

both the prevention of high risk sexual behavior and substance use among HIV-positive 

MSM and suggest that use of specific recreational substances may have differential 

effects on the risk of UAI based on an individual’s knowledge of his HIV status.  

We observed a modest reduction in UAI with sexual partners soon after HIV 

diagnosis, suggesting a deliberate reduction in transmission behaviors. A reduction in 

the number of sexual contacts (from an average of 7.9 to 5.2 three months later) has 

previously been observed in a subset of this cohort after HIV diagnosis [37]. In the 

present analyses, participants were significantly less likely to report UAI with HIV-

negative or unknown status partners as compared to HIV-positive partners after HIV 

diagnosis, again suggesting a deliberate reduction in sexual activities that are 

associated with HIV transmission. However, prior to diagnosis, the partner’s HIV status 

was not associated with UAI, suggesting that early diagnosis may help to prevent HIV 

transmission if such behavior changes occur. Since the data in this study were cross-

sectional and participants reported behaviors over a short duration of time, it is unclear 

if sexual transmission risk reduction behavior will continue or if it will rebound with 

continued substance use.  

 The proportion of sexual partners with whom methamphetamine use was 

reported did not significantly change following HIV diagnosis, even though the 

association between methamphetamine and UAI changed markedly. These results 

suggest that MSM may have the potential to lower their HIV transmission risk behavior 

even if they continue to use methamphetamine during sexual activity. However, other 

investigators have suggested that partners’ disclosure of their HIV status, type of venue 

in which sexual activity occurs, partner type, and perceived risk of sexual act all affect 

the decision of HIV-positive, methamphetamine-using MSM to disclose their HIV status, 

which is likely to result in condom use [29]. In our study, 22.7% of those who used 
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methamphetamine only with a partner before diagnosis reported that they met that 

partner in a bathhouse, but after diagnosis none of these partners were met in a 

bathhouse. Further studies are needed to directly evaluate changes in transmission risk 

behavior of methamphetamine-using MSM before and after diagnosis, including 

longitudinal studies that measure longer periods of time before and prolonged periods 

of time after HIV diagnosis. 

 On the other hand, use of substances other than methamphetamine immediately 

prior to or during sexual activity increased following HIV diagnosis. Use of substances 

other than methamphetamine was associated with higher rates of UAI among partners 

in which all sexual contact occurred after diagnosis, whereas methamphetamine use 

alone was not. However, a switch from methamphetamine to other substances was not 

observed, as use of methamphetamine alone or in combination with other substances 

prior to sexual activity did not change from before to after diagnosis. Instead, use of 

substances other than methamphetamine was more commonly reported with partners 

after diagnosis. This suggests that among recently HIV infected MSM, use of other 

substances may become more important in increasing UAI after HIV diagnosis. This 

may occur due to less public awareness of other substances’ effects on UAI or because 

these other substances are perceived to have fewer personal health consequences 

than methamphetamine. However, we did not measure such beliefs in this study, nor do 

we know if post-test counseling covered the use of methamphetamine and risky sexual 

behavior, because not all participants were diagnosed in our clinic.   

 Although the temporal trends in associations between UAI and 

methamphetamine or other substances were not statistically significant (p<0.05), they 

were marginally significant (0.1 > p > 0.05), thus suggesting that a temporal trend is 

likely to exist. The power to detect a significant association is often an order of 
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magnitude less for interaction terms than for predictor variables within a statistical 

model [38-40]. However, there was a large difference in the magnitude of association of 

the point estimate between UAI and use of methamphetamine (4.5 times greater) and 

other substances (nearly 2.5 times less) before and after diagnosis (p=0.01), arguing 

that substance use patterns change following diagnosis. Although a small number of 

participants reported methamphetamine use alone with partners before (n=22) and after 

(n=11) diagnosis, the differences observed in the odds ratios should remain consistent 

even with a larger sample size.  

 Specific substances which comprise the “other” category were measured in the 

questionnaire and some substances were more commonly reported than others. The 

most commonly reported substances of use were nitrites, marijuana, and GHB; though 

GHB was much more common among users of both methamphetamine and another 

substance. There was considerable overlap in use of many different substances (i.e., 

polydrug use) with a single partner among our participants. Consequently, we were 

unable to explore all combinations of overlap or single use of these substances and 

methamphetamine as data would become too sparse, however we stress the relevance 

of such studies in larger samples. 

 Interestingly, those who reported use of methamphetamine and other 

substances with the same partner were more likely to report UAI with that partner than 

in partnerships in which no drugs were used, regardless of the participant’s HIV 

diagnosis. There may be two possible explanations for these observations. Firstly, the 

“combination” substance group could remain significantly associated with UAI 

regardless of timing with HIV diagnosis, because of the opposite effects of 

methamphetamine and other substances on UAI. Secondly, methamphetamine users 

who also use other substances may be more resistant to change or may be affected 
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less by HIV diagnosis. Previous studies have demonstrated that MSM who are polydrug 

users tend to report higher rates of UAI [41;42] as compared to single drug users; more 

sexual partners [43]; greater likelihood of STI [44]; and more UAI among HIV positive 

MSM with sero-discordant partners [[45]]. Polydrug use is also commonly reported in 

combination with methamphetamine use [42;45-47]. In this sample most (76.8%) 

methamphetamine users also reported use of other substances.  

 As with all observational studies there were some limitations. Due to time 

constraints we could not obtain additional information on the context of risk behaviors 

that may have helped to explain our results, such as whether or not subjects 

consciously altered their substance use and UAI behavior following HIV diagnosis. We 

were unable assess the affect of specific attitudes such as sense of responsibility, HIV 

treatment optimism, and beliefs about viral load and sexual positioning with regard to 

transmission to others on UAI in relation to substance use which have been shown to 

be important in other studies [17;20-25;48]. Additionally, general use of substances 

outside of sexual activity was only collected for half of the participants. For half of our 

participants we only captured UAI in general, but not insertive or receptive UAI, which 

may be important in determining the occurrence of sexual positioning. Our sample 

consisted of volunteers who were predominantly well-educated, white MSM, and may 

not be representative of all MSM who have recently become infected with HIV. 

Additionally, substance use among MSM may vary by geographic region [49;50], 

therefore these data may not be generalizable to all MSM. 

 Our study indicates that use of specific recreational substances may have 

differential effects on UAI before and after diagnosis among MSM, which has several 

implications for the study of substance use and HIV/STI. Our data suggest the need for 

designing studies that can specifically examine particular patterns of substance use with 
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regard to partnership and situational factors. Without examining the interaction between 

substance use and sexual timing in regard to UAI, we would have observed 

associations between substance use and UAI, but could have missed the change that 

occurred before and after diagnosis. Additionally, our data highlight the need for 

qualitative and quantitative studies that contribute to understanding modifiers and 

motivations for substance use and UAI, such as sense of responsibility with regard to 

prevention of HIV transmission, HIV treatment optimism, safer sex fatigue and social 

dynamics. 

These data also have implications for HIV prevention. Our findings suggest that 

among MSM, interventions to reduce HIV transmission through substance use 

prevention should take into account different types of substance use. Counseling 

messages for MSM, regardless of HIV status, should clarify that while use of 

substances such as methamphetamine is particularly risky, any substance use that 

potentially modifies judgment about condom use should be avoided in the context of 

sexual activity. Risk reduction interventions at the time of HIV diagnosis that have an 

impact on users of substances other than methamphetamine and polydrug users are 

also needed.   
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Table 5-1 : Participant and partner demographics and sexual histories (n=207 

individuals & 603 partners).  

 Total 
Mean (median) 

% (n) 
Individual characteristics n=207 
Age 35.0 (35) 
White (vs. all other ethnicity) 70.1 (145) 
Education: completed college or greater 46.9 (97) 
Unemployed 30.4 (63) 
Number of sex partners past 12 months 38.0 (20) 
Number of sex partners past 3 months 9.2 (4) 
Number of sex partners past month 3.6 (1) 
Age at sexual debut 16.2 (16) 
  
Partner/ partnership characteristics n=603 
Partner’s age 33.2 (33) 
Main partner (vs. all other types) 18.7 (113) 
Partner’s ethnicity is white 62.2 (375) 
Timing of sexual contact 
       Before diagnosis 
       After diagnosis 

 
52.6 (317) 
47.4 (286) 

Met partner at bathhouse (v. all other locales) 12.1 (73) 
Unprotected anal intercourse 55.4 (334) 
Substance use during sexual activity  
       No substances used 56.1 (338) 
       Methamphetamine only 5.5 (33) 
       Other substances except methamphetamine 20.4 (123) 
       Methamphetamine and other substances 18.1 (109) 
Partner HIV status 
       Positive 
       Negative 
       Unknown 

 
11.9 (72) 

42.1 (254) 
45.9 (277) 
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Figure 5-1 : Differences in use of methamphetamine, other substances, or a 

combination of methamphetamine and other substances just prior to or during sexual 

contact with the last three sexual partners before and after HIV diagnosis (n=603 

partners).  

OR= the odds ratio of substance use after diagnosis as compared to before; 95% CI = the 95% 

confidence interval that corresponds to the odds ratio; Odds ratios, p-values, and confidence 

intervals adjusted for repeated measures using GEE 
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Table 5-2 : Associations between UAI and substance use and differences before and 

after HIV diagnosis using GEE (n=603) 

 OR 95% CI p-value 
Independent Variables     
    Substance use    
    No substances used REF   
    Methamphetamine only 4.39 1.36, 14.2 0.01 
    Substances other than methamphetamine 0.79 0.39, 1.60 0.55 
    Methamphetamine and other substances 4.01 1.90, 8.45 <0.01 
 
    Sexual contact occurring after diagnosis      
       (compared to before diagnosis) 

 
0.65 

 
0.42, 1.01 

 
0.05 

 
Interactions  
    Temporal differences in substance use and 
UAI 

   

    Methamphetamine & sexual contact after 
diagnosis 

0.22 0.04, 1.20 0.08 

    Other substances & sexual contact after 
diagnosis 

2.34 0.96, 5.70 0.06 

    Combination & sexual contact after diagnosis 0.96 0.33, 2.75 0.94 
*Odds ratios, confidence intervals, and p-values for all variables and interactions in this table are 
from a single multivariate model  
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Figure 5-2 : Interactions between timing of sexual contact (before or after diagnosis) 

and methamphetamine, other substance use excluding methamphetamine, or a 

combination of methamphetamine and other substances (n=603 partners)  

* Odds ratio including interaction term, corresponding 95% confidence interval in parentheses 

below odds ratio 

# p-value to test the hypothesis of change in association between substance use and UAI by 

timing of sexual activity with regard to diagnosis ŧ
 p-value calculated by interaction between substance use and timing of sexual activity with 

regard to diagnosis 

† p-value from contrast between methamphetamine/timing interaction versus other 

substances/time interaction

p=0.01† 



 

 

 
Table 5-3 : Different multivariate generalized estimating equations (GEE) analyses of 

UAI and substance use stratified by before and after HIV diagnosis samples 

 Before HIV Diagnosis 
n=317 

After HIV Diagnosis 
n=286 

 OR 95% CI p-value OR 95% CI p-value 

Predictors of UAI       
Substance Use       
    No substances used REF   REF   
    Methamphetamine 4.80 1.43, 16.1 0.01 1.32 1.06, 3.63 0.70 
    Substances other than methamphetamine 0.78 0.38, 1.62 0.51 1.96 1.33, 5.29 0.03 
    Combination of methamphetamine & other 4.11 1.91, 8.84 0.001 5.08 2.29, 11.2 0.001 
Met partner in a bathhouse 1.73 0.78, 3.87 0.18 1.58 0.66, 3.79 0.31 
Main partner v. all other types 2.09 1.02, 4.27 0.04 3.65 1.89, 7.05 0.001 
Partner HIV status       
    Positive REF   REF   
    Negative 1.02 0.42, 2.50 0.96 0.35 0.15, 0.79 0.01 
    Unknown 0.78 0.32, 1.93 0.58 0.33 0.15, 0.73 0.01 
Contrasts       
     Methamphetamine only v. Other 
substances 

6.25 1.59, 25.0 0.01 0.67 0.16, 2.78 0.58 

     Methamphetamine only v. Combination 1.17 0.31, 4.42 0.82 0.26 0.06, 1.14 0.08 
     Other substances v. Combination 0.19 0.07, 0.50 0.001 0.39 0.17, 0.90 0.03 
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VI. DISCUSSION 
 
 

  The incidence of HIV among men who have sex with men (MSM) appears to be 

increasing in developed countries world-wide [1-6]. Previous studies suggest that the 

growing use of ‘club drugs’ may be one explanation for increased HIV incidence among 

MSM by increasing the likelihood of unprotected anal intercourse (UAI) [7-18]. However, 

others have argued that the association between UAI and substance use is confounded 

by a risk-taking personality trait [19;20] or a pre-planned decision for UAI [21-25]. 

Studies that examine event-level and within-subject use of specific recreational 

substances and the risk of HIV acquisition and transmission are needed in order to 

provide evidence for or against a causal association.  

 Three independent, yet related, studies have made up the basis of this 

dissertation, which adds to the body of literature on this topic. The first study reviews 

the current literature on “club drugs” and risk of HIV/STI acquisition and transmission, 

and makes recommendations for how future studies should be conducted. The next two 

studies examined associations between UAI and substance use among recently-HIV 

infected MSM. Manuscript 2 provides evidence that use of methamphetamine just prior 

to sexual activity increases the likelihood of UAI among MSM and suggests that 

methamphetamine, in particular, contributes to the increases observed in HIV 

incidence. Furthermore, manuscript 2 suggests that erectile dysfunction medication 

(EDM)  use may be associated with increased risk of UAI among main partners, but not 

other partner types. Manuscript 3 suggests that different substances increase the risk of 

UAI before and after HIV diagnosis. Strengths, limitations, potential biases, and 

recommendations for future study needs and future directions of research are 

discussed. 
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A. Summary of the Studies  

 In the first manuscript, a review of club drugs as causal risk factors for HIV and 

STI among MSM, the following substances were examined for their potential to meet 

Hill’s criteria [26] for causation: methamphetamine or amphetamine; 

methylenedioxymethamphetamine (MDMA); ketamine; gamma hydroxy-butyrate (GHB); 

lysergic acid diethylamide (LSD); flunitrazepam; erectile dysfunction medications 

(EDMs), specifically sildenafil citrate as specific studies have not been completed on 

other EDMs; and volatile nitrites. Few studies had been conducted that examined 

associations between use of most of these substances and risk for HIV or STI among 

MSM, or evidence for a causal association was incomplete. However, there was 

biological plausibility for such an association to exist for most of these substances. For 

all substances, studies that quantitatively address dose-response, analyze substances 

individually, examine partnership dynamics and sexual network structures, study effects 

of substance abuse treatment on behavior change, and use event-level and within-

subjects methodologies and analyses were recommended. 

 Drawing from the recommendations in manuscript 1, manuscript 2 examined 

associations between use of methamphetamine, EDM, nitrites, or marijuana and UAI 

among recently HIV-infected MSM using pseudo dose-response trend, within-subjects, 

and complete sample analyses. In trend analysis, participants who reported use of 

methamphetamine, GHB, nitrites, or MDMA with at least one of their last three partners 

were also more likely to report UAI with all of their last three partners, than UAI with 

some or none of their last three partners, indicating a pseudo dose-response 

relationship. This relationship is considered a ‘pseudo’ dose-response because it was 

only inclusive of the last three partners, not all partners over a certain duration of time. 

A more appropriate study of dose-response would examine frequency and duration of 



 

 

219 

substance use and risk for HIV acquisition. However, the pseudo dose-response that 

was demonstrated in this study suggests that an actual dose-response relationship may 

exist between substance use and UAI. Among participants who reported UAI with some 

(but not all) partners, within-subjects analyses demonstrated that methamphetamine 

use was the strongest predictor of UAI while controlling for characteristics of the 

individual. Additionally, EDM use with a main partner was also a predictor of UAI. 

Among all participants, even those who did not report variation in UAI with their last 

three partners, methamphetamine use remained the strongest predictor of UAI. 

Additionally, marijuana use, EDM use with a main partner, reporting that the partner 

was a main partner or HIV positive, and reporting that sexual activity occurred before 

diagnosis were associated with UAI. These results suggest that use of 

methamphetamine, and EDM in some situations, are independent risk factors for UAI. 

Considering the high HIV infectivity of recently infected individuals, these results also 

suggest that methamphetamine use may increase the likelihood of HIV transmission to 

others by increasing the likelihood of UAI. 

 In order to examine the possibility that early HIV diagnosis may change patterns 

of behavior with regard to substance use and UAI, the third manuscript examined 

changes in the association between substance use and UAI before and after HIV 

diagnosis. In this study, the associations between methamphetamine use or use of 

substances other than methamphetamine and UAI differed before and after HIV 

diagnosis. Methamphetamine use alone was strongly associated with UAI among 

partners with whom sexual contact occurred before diagnosis, however this association 

was not observed among partners in which sexual activity occurred after diagnosis. The 

reverse associations were true for other types of substance use and UAI; use of 

substances other than methamphetamine was associated with UAI after, but not before 
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diagnosis. There were strong associations between UAI and use of methamphetamine 

and other substances, both before and after HIV diagnosis. These findings suggest that 

use of different substances may have differential effects on UAI before and after 

diagnosis, and that early diagnosis and interventions tailored for different types of 

substance use may help prevent HIV/STI transmission. 

 Taken together, these three manuscripts provide important insights about 

substance and risk for HIV and STI among MSM. Firstly, they indicate that substance 

use is a significant health problem among MSM who are at risk for HIV infection and 

MSM with recent HIV infection. Secondly, they indicate that the associations between 

substance use and UAI are complex and dynamic and may change based on partner 

type or personal knowledge of HIV status. Thirdly, they indicate that methamphetamine 

use may increase the risk of UAI among recently HIV infected MSM, thereby leading to 

continued HIV transmission to others. Hence interventions to reduce methamphetamine 

use (such as behavioral interventions or drug abuse treatment) could help to prevent 

HIV transmission. Fourthly, these data suggest that early diagnosis of HIV, in 

combination with appropriately designed interventions to ameliorate the misuse of 

methamphetamine alone and in combination with other substances, could help prevent 

HIV transmission among MSM. Lastly, more intensive studies of substance use and 

health risks among MSM are needed. 

 

B. Sample Size Estimations and Power 

 For all proposed studies it is recommended to estimate the sample size 

necessary to detect a significant difference, if present, between groups or to obtain 

estimates with a desired precision. Estimating the sample size prior to conducting a 

study can help researchers to decide if a study is feasible and cost efficient, to develop 
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the best design to recruit the necessary number of participants, to estimate the duration 

and cost of a study, and to interpret negative results based on estimated power. 

However, sample size and power may be more difficult to estimate for studies that 

examine more complex associations and that include multiple measures on the same 

individual, especially when planning to examine many covariates or interactions in 

multivariate models. Additionally, using post-hoc power calculations in order to estimate 

the availability of power with the given sample and model, can be problematic in 

interpreting results.  

 

A Prior Sample Size and Power Calculations 

 Due to a lack of available information on model parameters, including patterns of 

covariates, the correlation of the outcome within a subject across different partners, and 

the size of the effect of the confounders on the outcome, a priori sample size was not 

calculated for the GEE models specified in the studies, but instead for a logistic 

regression model. Table 6-1 provides the sample sizes necessary in each UAI group for 

a given UAI and substance use prevalence to achieve 80 percent power at an alpha-

level of 0.05, testing a two sided hypothesis. 

 Reinterpreting these power calculations, given the prevalences observed for UAI 

and specific substances tested in manuscripts 2 and 3 (Table 6-2), the sample size for 

the effects observed in each manuscript can be located on Table 6-1. In manuscript 2 

where the UAI prevalence is 55 percent, considering methamphetamine with a 

prevalence of approximately 24 percent (Table 2) and an odds ratio of around 3 in 

univariate and multivariate GEE models (Chapter 4, Tables 4-2 and 4-3), a sample size 

of approximately 58 to 75 in the group reporting UAI and 49 to 63 in the group reporting 

no UAI are necessary to detect a significant difference at an odds ratio of 3. For the 
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remaining variables, based on a priori sample size calculations, power was lacking 

(below 80%) for volatile nitrites, marijuana, and EDMs in manuscript 2, however 

univariate associations were observed for both nitrites and marijuana (Chapter 4, Table 

4-2) in univariate analyses and for marijuana in multivariate analyses (Chapter 4, Table 

4-3). Similarly, for manuscript 3 wherein the prevalence of UAI was 55 percent, 

according to Table 6-1, there was less than 80 percent power to detect the presence of 

a significant difference between methamphetamine only at an odds ratio of 4.0 and 

other substances only at an odds ratio of 2.0, however significant differences between 

UAI groups were detected either before or after HIV diagnosis. Table 6-1 is not a very 

accurate estimation of sample size as it is based on logistic regression and does not 

take into account repeated measures nor does it take into account analysis of 

interaction terms. 

 

Post-Hoc Power and Sample Size Calculations  

 Post-hoc sample size calculations were also conducted for manuscripts 2 and 3. 

These were conducted in STATA using a bootstrap method [27] wherein the model 

used in the actual analyses was fitted using 1000 randomly generated data with similar 

proportions of predictors and outcomes and similar relationships between covariates. 

The bootstrap for the outcome was parametric and for the predictors and covariates it 

was non-parametric due to the structure of the original data. Power to detect each 

predictor was calculated as the proportion of the models in which the p-value 

associated with the predictor was 0.05 or less.  

 For manuscript 2, post-hoc power was calculated for univariate associations 

between UAI and use of methamphetamine, nitrites, or marijuana (Figure 6-1). For all 

three substances power to detect a significant difference if present was 80 percent 
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according to post-hoc power calculations (Figure 6-1). A significant difference between 

UAI group was observed for each of the subjects univariately in manuscript 2 (Chapter 

4, Table 4-2). This may not be a valid assessment of power, as described in the next 

two paragraphs. However, it is important to note that at a sample size of about 130, 64 

fewer individuals than the actual sample size, given the exact same conditions, would 

be necessary to achieve 80 percent power. 

 For manuscript 3, post-hoc power was calculated for associations between UAI 

and substance use while taking into account interactions between this association and 

sexual contact with each partner in regards to timing of HIV diagnosis in a multivariate 

model (Figure 6-2). This model was selected because the greatest concern in 

manuscript 3 was that there was insufficient power to detect the interactions that were 

marginally significant (Chapter 5). In addition, post-hoc power was calculated for the 

multivariate models that were stratified by timing of sexual contact, before (Figure 6-3) 

and after (Figure 6-4) HIV diagnosis. Although these post-hoc power calculations do not 

provide any new insight into whether or not there was sufficient power to detect these 

interactions, they do illustrate the limitations and values of calculating post-hoc power. 

 In Figure 6-2 power to detect a significant interaction if present is low for all 

three classes of substance use, with other substances just under 50 percent power at a 

sample size of 207, followed by methamphetamine alone at 35 percent and a 

combination of methamphetamine and other substances at around 5 percent or less. 

For both methamphetamine and other substances, power increases with sample size, 

but this is not the case for the combination of the two. In the original analysis (Chapter 

5), both methamphetamine (p=0.08) and other substances (p=0.06) had marginally 

significant interactions, but the combination of the two did not (p0.94) (Chapter 5, Table 

5-2). However if post-hoc power is calculated for only those partners in which sexual 
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contact was reported before diagnosis (Figure 6-3), power of greater than 80 percent is 

achieved with a sample size of 200 for methamphetamine and a combination of 

methamphetamine and other substances. Conversely, for other substances alone 

power is constant at about 7 percent for a sample size of 50 through 200. In the actual 

analysis (Chapter 5, Table 5-3), methamphetamine (OR=4.8, p=0.01) and a 

combination of methamphetamine and other substances (OR=4.1, p=0.001) were 

significantly associated with UAI, however other substances alone were not (OR=0.78, 

p=0.51). In contrast post-hoc power calculated for only those partners in which sexual 

activity occurred after HIV diagnosis (Figure 6-4), at a sample size of 200, there is 

greater than 80 percent power for a combination of methamphetamine and other 

substances, 65 percent power other substances alone, and around 7 percent power for 

methamphetamine alone, regardless of having a sample size of 50 or 200. Not 

surprisingly, the actual analyses were related to the post-hoc power calculations in the 

same way as the previous two examples (Chapter 5, Table 5-3). In the actual analyses 

of the data, Use of other substances (OR=1.96, p=0.03) or a combination of 

methamphetamine and other substances (OR=5.1, p=0.001) were associated with UAI, 

but use of methamphetamine alone (OR=1.3, p=0.70) was not (Table 5-3). Comparison 

of each for the post-hoc power calculations (Figures 6-2, 6-3, and 6-4) with the 

corresponding data analyses from the actual study (Tables 5-2 and 5-3) demonstrate a 

predictable relationship between post-hoc power and statistical significance. 

 These analyses point out the disadvantages of post-hoc power. Firstly, post-hoc 

power is based on parameter estimates using a particular model, not on the true 

parameter values in a given population. If the calculated parameter estimate of the 

model is incorrect, the power for detecting a true association given an actual population 

will be incorrect. A priori power differs from post-hoc power in that it is based on what is 
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expected in a true population. Secondly, post-hoc power for the sample size equal to 

that in the data is a one to one function of the p-value. As demonstrated in the 

examples above, power to detect a difference could not be achieved if the p-value in the 

corresponding model was greater than 0.05. Therefore, post-hoc power only provides 

information for sample sizes different from that of the sample in which the model was fit, 

and is only valid for sample sizes smaller than that of the sample. The best use of post-

hoc power would be to estimate how much smaller of a sample size would be sufficient 

to detect an association given similar parameters.  

 
 

C. Potential Biases that Effect Internal Validity 

 As with any study, there were potential biases and limitations in all three of the 

manuscripts that constitute this dissertation. Bias in epidemiology has been defined as 

an incorrect estimate of the association between the predictor and outcome due to an 

error in the design, conduct, or analysis of a study [28]. Biases are generally separated 

into different classes, including: selection bias (i.e., systematic error in the 

ascertainment of study subjects [29]); information bias (i.e., incorrect or imprecise data 

collection [30]); confounding; and dissemination bias. Additionally, biases may affect 

internal validity (i.e., the accurate association between outcome and predictor within the 

study population [31]) or external validity (i.e., the ability to generalize the results of a 

study to other populations [31]). Potential biases and limitations for this dissertation 

study are presented in Table 6-1. Potential biases that could affect internal validity in 

this study, the likelihood of each bias, the likely direction of the bias- although direction 

is often unpredictable-, and how biases were minimized are described below. 
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Dissemination Bias 

 Manuscript 1 was an in-depth review of the literature on club drug use as a risk 

factor for HIV acquisition among MSM. This study was a review of other studies and 

therefore has few biases in its own design, however there are some potential  

dissemination biases (i.e., bias associated with the publication and retrieval of 

information from other studies [30]). Dissemination biases can affect the internal validity 

of a meta-analysis or literature review.  

 The most probable bias is publication bias (i.e., studies that demonstrate an 

association between two factors are more likely to be published than those that 

demonstrate a lack of association [29;30;32;33]). When reviewing literature, publication 

bias is very difficult to avoid. Additionally, in studies that examined many risk factors for 

HIV or STI among MSM, non-significant associations between substance use and HIV, 

STI, or UAI may not be highlighted in the keywords, title, or abstract and therefore these 

studies may be difficult to find by using search engines and reviewing abstracts. 

Another potential bias introduced is language bias [30]. We only reviewed studies that 

were published in English, which could result in missing information from studies 

published in other languages [34]. However, most abstracts for articles that are 

published in other languages are also included in English. All abstracts written in 

English were reviewed. A final potential bias is citation bias (i.e., manuscripts that are 

more commonly cited are more easily found [30]). To minimize these biases, an 

exhaustive search of the literature was completed. All appropriate references from 

studies that were retrieved from the literature search were examined. Additionally, 

conference abstracts were searched electronically, and search engines were reviewed 

to make sure that they included all known journals that would publish studies on 

substance use and HIV risk among MSM.    
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Non-response Bias     

 Manuscripts 2 and 3 share similar potential biases and limitations because the 

data for these studies arose from the same source. One of the more obvious limitations 

in these studies is that nearly 40 percent of AIEDRP participants from Los Angeles were 

not asked to complete the CASI due to constraints of time or space. This has resulted in 

a smaller sample size and an under-representation of participants who were recruited in 

the Los Angeles area. Additionally, such a large percent of non-respondents may 

introduce non-response bias (i.e., those who respond to the CASI differ from those who 

do not respond [30;35]). Non-response bias can affect the internal validity of a study. 

However, there were no statistically significant differences in those who did and did not 

complete the CASI in Los Angeles, and there were no significant differences 

demographics or sexual histories between participants from Los Angeles and San 

Diego (see Chapter 3: Methods, Tables 3-7, 3-8, 3-9). Additionally, those who were 

AIEDRP participants in Los Angeles and did not complete CASI were selected by 

outside limitations, not based on participant characteristics, which reduces the likelihood 

of non-response bias.  

 Had Los Angeles patients differed from San Diego patients in terms of 

substance use, UAI, or factors that may be associated with these, such as age [36;37], 

ethnicity [38-42], this may have resulted in over or under sampling on specific 

outcome/exposure group [28-30;43] and exclusion of Los Angeles patients may have 

been appropriate. For example, if non-respondents were more likely to decline the CASI 

because they did not want to reveal that they had used illicit substances, the odds ratio 

of the association between substance use and UAI would most likely be greater than 

the true association if they were less likely to have UAI (under selection of the 

unexposed with the outcome; Figure 6-1a), and closer to the null than the true 
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association if they were more likely to have UAI (under selection of the exposed with the 

outcome; Figure 6-1b) [29]. However, if respondents were more likely to decline to 

complete the CASI because they did not want to report their substance use, but were 

not more or less likely to report UAI (Figure 6-1c), this could bias the odds ratio toward 

the null. Similar patterns in bias on the odds ratio could also be observed if non-

response was based on not wanting to report UAI (Table 6-1 d-f). In this study, overall 

non-response occurred in only 15 percent of respondents. Even if selection bias did 

occur, the effect on the odds ratio would be minimal (i.e., if the true odds ratio were 2.0, 

the point estimate that was biased to the null would be 1.6, and away from the null 

would be approximately 2.1). In future analyses from these data, exclusion of Los 

Angeles patients will be considered to avoid any unforeseen bias from differences that 

could not be detected. Efforts to improve data collection from the Los Angeles site have 

begun, including a web-based CASI that can be completed by participants at home or at 

another interview location.   

 

Reporting Bias 

 As with all studies of self-reported sexual and illicit substance using behavior 

there is the danger of reporting bias (e.g., participants are likely to provide answers that 

they believe the interviewer wants to hear, or that are more similar to the perceived 

social norm [30]). As with response bias, reporting bias primarily affects the internal 

validity of a study. The expected bias in this case would be to under-report substance 

use or UAI or both. However, if participants were concerned with “helping” find an 

association they may over-report substance use and/or UAI. In any of these scenarios 

misclassification would occur [29]. If people who were less likely to report UAI were also 

less likely to report substance use, this would create a serious problem with differential 
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misclassification and possibly create a spurious association between substance use 

and UAI that could bias the odds ratio further away from the null (Figure 6-2a). 

Additionally, if participants were concerned about reporting on UAI and substance use, 

they may be less likely to report both together. For example, some of those who used 

substances immediately prior to UAI may indicate that they did not use substances, 

while others may report that they did not have UAI (Figure 6-2b). This type of differential 

misclassification would most likely bias the odds ratio toward the null. Participants may 

also try to assist in finding an association between the exposure and the outcome by 

responding to a questionnaire in the way they believe the interviewer would like them to 

respond. If the participants were aware of the hypotheses this may result in biasing the 

odds ratio away from the null (Figure 6-2c). Additionally, non-differential 

misclassification could occur if participants in exposure category were misclassified 

independent of UAI [29] (or vice-versa), which could bias the odds ratio toward the null 

(Figure 6-3a).   

 It is very unlikely that the previously described differential or non-differential 

misclassifications have occurred in these data for a number of reasons. Firstly, most 

participants (84%) reported UAI with at least one of their last three partners for studies 2 

and 3 (see Appendix C Tables C-5 and C-6). Secondly, 49 percent of people who did 

not report UAI reported substance use with at least one of their last three partners. 

Thirdly, these studies used the most currently available method to reduce reporting bias 

of sensitive information, CASI. Fourthly, all participants were assigned a study number 

so that no CASI data were linked to their names which should have allayed fears about 

disclosing sensitive information. Fifthly, participants were not told of the hypotheses that 

were being tested in this study. Participants were told that they were completing a 

questionnaire on HIV risk factors, therefore they would regard all questions as potential 
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exposures. Sixthly, the questions regarding substance use prior to sexual activity and 

types of sexual activity that occurred were separated by a number of other questions 

within the questionnaire, which may help to mask the hypotheses that were being 

tested. Seventhly, participants were given the option to decline to answer any questions 

that they did not feel comfortable responding to. No participants declined questions 

pertaining to sexual activities or substance use with the last three partners. Finally, all 

participants had the option to decline to answer questions that they were not 

comfortable answering, allowing those who did not wish to provide information the 

option of not providing it, instead of providing incorrect information.  

 

Recall Bias 

 Recall bias shares some similarities with reporting bias in that it is due to 

participants reporting incorrect information and it can affect internal validity. Recall bias 

is most often attributed to case-control studies because it is the problem of cases 

having better recall of their past exposures than controls [29;30;35]. However, if the 

participant knows if s/he has the outcome, recall bias could occur in a cross-sectional 

study as well. If those who had UAI were more likely to recall that they had used 

substances prior to sexual activity and those who did not have UAI were less likely to 

recall substance use, it could result in a spurious association that was greater than the 

true odds ratio (Figure 6-2d). However, it is unlikely that recall bias occurred for a 

number of reasons. First, participants all had another disease, HIV, and did not know 

that UAI would be used as an outcome. Second, UAI is not a disease outcome, all of 

the participants acquired HIV through sexual activity and therefore the majority had UAI 

prior to HIV infection. Third, the duration of time between sexual contact with the last 
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three partners and interview was not so long that recall would be difficult (median of 7, 

30, and 42 days for the last, second to last, third to last partner respectively). 

 

Interviewer and Respondent Biases 

 Other information biases that may affect observational studies include 

interviewer and respondent biases. Interviewer bias occurs when the interviewer knows 

what the hypothesis is and unknowingly “leads” participants to a certain response [30]. 

Interviewer bias would most likely result in differential misclassification, causing a 

spurious association between the outcome and predictor that was biased away from the 

null. Interviewer bias is very unlikely in this study for two reasons. First, the interviewer 

did not reveal study hypotheses to the participants. Second, the interview was 

conducted using CASI and the interviewer was not present while the participants were 

answering the questions. 

 On the other hand, respondent bias is often the result of a predictor or outcome 

that is difficult for the respondent to define or interpret (e.g., a migraine headache) [29]. 

Respondent bias could result in both differential and non-differential misclassification. If 

the exposure was difficult to define, and participants were misclassified in equal 

proportions, independent of UAI status, then non-differential misclassification would 

occur (Figure 6-3a). Similarly, if some of the UAI cases were misclassified as no UAI, 

but an equal percent of exposed and unexposed were misclassified the result would be 

non-differential misclassification (Figure 6-3b). Non-differential misclassification, by 

definition usually biases the measure of association toward the null [29]. However, if 

uneven proportions are transferred across cells, it may result in differential 

misclassification (Figures 6-4a and 6-4b) and could bias the results in either direction, 

depending on which cell had greater misclassification of subjects. Similarly, if both the 
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exposure and the outcome are susceptible to respondent bias, differential 

misclassification would likely result and could result in biasing the measure of 

association in either direction (Figures 6-2e).  

 The most efficient means of preventing respondent bias is to establish a clear 

definition of the exposure and the outcome. In this study respondent bias was 

minimized in a number of ways. The questions pertaining to substance use requested 

participants to select all substances used just prior to or during sexual activity with a 

particular partner. The language and question was not difficult for participants to 

understand. Multiple street names for each substance were listed as well as the 

common name and a category labeled “other” was available. Participants had to either 

select a substance or select the ”no drugs used” category, therefore not having 

differential effort for response between substance and no substance users (see 

Appendix A for substance use questions). It would be unlikely for participants to 

misinterpret the substance use questions and therefore misclassification due to 

respondent bias would be unlikely. For anal intercourse a clear definition was provided 

to the participants before inquiring about sexual activity in order to prevent 

misinterpretation. Participants were asked to report if they had anal intercourse with or 

without using condoms, and participants could select both. As with substance use, 

participants had to select “decline to answer” or at least one other sexual behavior 

category to move to the next question, therefore removing any differential effort. Due to 

clear definitions it is also unlikely that misclassification by UAI occurred due to 

respondent bias. However, the specific practice of “dipping” (i.e., UAI for initial 

intercourse and condom use prior to ejaculation in one episode [44]) was not assessed. 

Therefore, it may be possible that a few participants had UAI for a small portion of a 

sexual episode with their partner. 
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Temporal Ambiguity  

 Another type of information bias, temporal ambiguity bias, occurs due to an 

inability to establish that the exposure preceded the outcome. Temporal ambiguity bias 

most often affects cross-sectional studies [30]. In cross-sectional studies it is important 

to design data collection measures that help clarify that the exposure occurred before 

the outcome. In this study, temporal ambiguity bias is unlikely because the specific 

questions about substance use referred to use prior to or during sexual intercourse (see 

Appendix A for questionnaire). Questions were written in this way to specify temporal 

order, therefore temporal ambiguity bias is unlikely in this study.   

 

Confounding 

 Confounding can be viewed as a bias, as it results in an incorrect estimate of the 

association between the predictor and outcome due to an error in analysis. In all 

observational studies, confounding by one or more factors should be considered. In this 

study confounding was controlled for in a number of ways. The literature was reviewed 

in order to find factors that may be associated with both the outcome and the predictors 

of interest. Information about these factors was collected and confounding was tested 

using statistical analyses as described in Chapter 3: Methods. Use of multivariate 

models and conditional logistic regression also helped to minimize the potential for 

confounding. Multivariate generalized linear models provide the ability to control for 

many factors at once, even when strata become very sparse. Additionally, conditional 

logistic regression, which was used in manuscript 2, can control for individual level 

factors that may act as confounders but may not have been measured during data 

collection. It is therefore very unlikely that the analyses in this study were confounded 
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by additional factors. Overall, most biases that effect internal validity were unlikely due 

to selection of participants, study design, and data collection.  

 

D. External Validity 

 The previous biases and limitations addressed issues associated with internal 

validity, or the validity of the association detected within the study population [31]. 

However, it is also important to understand the external validity of a study, or the ability 

to generalize information gained from the study to other populations [31]. In this section 

generalizability, volunteer bias, and healthcare access bias, for external validity, will be 

discussed. 

 Although collecting data on individuals who were recently infected with HIV has 

many advantages in addressing correlates of risk of HIV acquisition and transmission, 

there are also several disadvantages. Newly infected individuals are more difficult to 

identify, leading to smaller numbers of participants and slower data collection, which 

can be costly and could reduce generalizability of the sample to the MSM population. 

Additionally, those who are reached more easily by study outreach methods may not be 

fully representative of MSM who are becoming infected with HIV. The sample of all 

CASI participants that were collected by the time data analysis was conducted for the 

third manuscript, including heterosexual men and women, were compared to 

surveillance data on HIV cases from the United States, California, and San Diego 

County (Table 6-2). While the CASI sample differed from the National HIV cases with 

respect to gender, risk category, and ethnicity, they were somewhat similar to HIV 

cases in California and very similar to HIV cases in San Diego with regard to 

demographics and HIV risk characteristics. There are a number of reasons why a 

sample drawn from HIV cases in California may differ from the rest of the United States. 
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Most importantly, the most recent HIV/AIDS surveillance report for the United States 

does not include information on HIV cases from California because confidential HIV 

case reporting in California was established recently (July 2002) [45]. Additionally, 

different geographic regions of the United States have different population sizes with 

respect to demographics and risk behaviors (e.g., the populations of Southern, 53.6%, 

and Eastern, 18.0%, regions of the United States have greater African American 

representation than the West, 9.6% [46]). 

 In comparison to California and San Diego County, the sample of HIV cases that 

were included in AIEDRP most approximate San Diego with a few differences. AIEDRP 

cases are clearly over represented by MSM (87.7%) and men (98.6%) in general when 

compared to California (61.8% MSM and 85.3% men) and San Diego (71.8% MSM and 

90% men) HIV cases (Table 6-2). This is expected as those who are referred to 

AIEDRP are more often recruited from gay neighborhoods. Additionally, this does not 

jeopardize generalizability as this was a study of MSM. Among MSM, however, MSM 

IDUs were represented in the AIEDRP CASI sample (6.8%) in the same proportion as 

in San Diego (6.8%) and a similar proportion as in California (5.9%). With respect to 

age, a slightly larger proportion of CASI AIEDRP participants were in 40-49 (24.5%) age 

categories than San Diego HIV cases (17.3), indicating that the CASI sample may be 

slightly older than San Diego HIV cases. However, the CASI HIV sample appears to be 

slightly younger than California HIV cases (i.e., a slightly larger proportion of CASI 

participants, 29.6%, were in the 20-29 age group when compared to California HIV 

cases, 26.1%). This is a good indication that the CASI AIEDRP participants are 

representative of the population that they were drawn from by age. Most participants 

came from San Diego, which has slightly younger HIV cases than California, however, 

some of the sample came from Los Angeles, representing another area of California 
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that may increase the age of participants. When Los Angeles and San Diego 

participants were compared by age (see Chapter 3, Methods, Tables 3-8 and 3-9), Los 

Angeles participants were on average older than San Diego participants, although the 

difference was not statistically significant.    

 With regard to ethnicity (Table 6-2), there were large proportional differences in 

HIV cases between the United States, California, and San Diego. Most notably, in both 

California and San Diego there were smaller proportions of Black or African American 

cases (19.4% and 13.2% respectively) and greater proportions of Caucasian or White 

(48.5% and 61.9% respectively) and Hispanic (25.8% and 21.8% respectively) cases 

than in the United States as a whole (Black/African American: 49%, Caucasian/White: 

34.2%, Hispanic: 15%). The CASI AIEDRP sample approximated that of San Diego by 

ethnicity, except that there was an under-representation of Black/African American 

participants (5.5%) and a slight over representation of Caucasian/White (67.7), and 

Native American (1.4%) participants in the CASI sample when compared to San Diego 

(Table 6-2). Limited data on MSM HIV cases were available for ethnicity, but not other 

demographics, from the United States and San Diego, but not California (Table 6-3). 

Similar trends in CASI sample representation were observed among only MSM HIV 

cases as with all HIV cases. Ethnic proportions were different between the United 

States and San Diego, with greater proportions of African Americans and smaller 

proportions of every other ethnic group among United States HIV cases when 

compared to San Diego HIV cases. In comparing the AIEDRP CASI sample of MSM 

and cumulative San Diego MSM cases since 2002, there were similar proportions of 

Asian/Pacific Islanders (San Diego: 2.1% and CASI: 2.4%) and Hispanics (San Diego: 

21.1% and CASI: 20.6%). However, African American (2.9% in CASI and 9.6% in San 

Diego) MSM were under represented in the CASI sample and Caucasian (70.2% in 
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CAS and 66.5% in San Diego), Native American (1.4% in CASI and 0.7% in San 

Diego), and other ethnicities (2.4% in CASI and none in San Diego) were over 

represented in the CASI sample. Under representation of African Americans in a 

sample of recently HIV infected MSM is not surprising. Data from the CDC indicate that 

African Americans and Hispanics are often diagnosed later in infection than people of 

Caucasian ethnicity [47]; therefore the CASI sample may be less representative by 

ethnicity of HIV cases in Southern California, but more representative of MSM who 

receive early HIV diagnoses. Education and recruitment efforts that target raising 

awareness for regular testing and self-identification of acute HIV infection symptoms 

among ethnic minorities, particularly African Americans, should be implemented.  

 In addition to insuring generalizability of a sample, there are other biases that 

may affect external validity, the most common of which is volunteer bias. Volunteer bias 

may occur because those who volunteer to participate in a study may be inherently 

different than those who do not volunteer [30]. In any observational study, such a bias is 

unavoidable because ethical research conduct dictates that all research subjects must 

volunteer. Since referral sources do not keep track for those that they refer to AIEDRP 

in San Diego and Los Angeles, there is no way of determining how many referees 

contacted the research sites. However, we do know that of the 265 people who 

screened for AIEDRP and were eligible to participate in San Diego and Los Angeles, 

260 (98%) became study participants, and of those 85% completed the CASI (see 

Chapter 3, Methods, Table 3-6). Additionally, those who did not complete the CASI did 

not differ from those who did by demographics (see Chapter 3, Methods, Table 3-7). 

Additionally, those who completed the AIEDRP CASI were similar demographically to 

HIV cases in San Diego and California, indicating that volunteer bias is unlikely in this 

sample.  
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 The final type of bias that may affect external validity is health care access bias. 

Healthcare access bias is defined as a bias that occurs because cases that access 

healthcare, and therefore are more likely to be referred or selected for study, are not 

representative of all cases of a disease or outcome [30]. Usually healthcare access bias 

is addressed as a selection bias and an internal validity issue in a case-control study, 

however, in this study it applies to external validity of the study. In this study there may 

be some healthcare access bias with regard to the under representation of African 

Americans in our sample. Even though African Americans may be more likely to be 

diagnosed with HIV at a later stage of infection [47], they still represent people with 

recent HIV infection, regardless of diagnosis. Although the sample population for this 

dissertation study may be fairly generalizable to MSM in Southern California with recent 

HIV infection, it is probably not as generalizable to African American MSM in Southern 

California with HIV infection. 

 Overall, the results of this study can be considered to have good external 

validity. Comparison of our sample to HIV cases in California and San Diego indicate 

that the sample population for this study was representative of MSM by most 

demographic characteristics. All ethnic groups except for African Americans, who may 

be difficult to find during early infection, were represented in similar proportions as the 

HIV cases identified in California and San Diego. The results of this study may not be 

generalizable to African American MSM with recent HIV infection and more studies are 

need for this population. Although external validity may be compromised for this 

population, it does not affect the internal validity of the study. 
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E. Issues in Measurement  

 In addition to the previously mentioned biases, there were a few questionnaire 

limitations that prevented measurement of all factors that may have been helpful in 

further understanding the associations observed in this study. When the questionnaire 

was first implemented there was a programming error in the question regarding sexual 

activity with each of the last three partners. Among the possible answers about sexual 

activity, the original questionnaire included “anal sex without a condom” and “anal sex 

using a condom”, but there was no way for the respondent to specify insertive or 

receptive anal intercourse. This discrepancy was noticed and changed after 

approximately half of the participants completed the baseline questionnaire. Data on 

sexual positioning during anal intercourse may have been useful in clarifying 

associations between substance use and UAI in both studies 2 and 3. Failure to collect 

data on sexual positioning is not believed to have affected the validity of the study since 

there is no reason to consider it as a confounder, but had these data been collected 

further description of UAI with respect to EDM use could have been elucidated. 

 

F. Study Strengths 

 This dissertation contributes to the overall understanding of the associations 

between substance use and risk for HIV among MSM. The data for this dissertation 

have helped to generate hypotheses and direct future research. In addition, 

manuscripts 2 and 3 have a number of strengths including: 1) utilization of data from a 

unique sample of recently HIV-infected individuals studied shortly after diagnosis (and 

infection); 2) the availability of biologic data enabling the date of HIV infection to be 

estimated with good precision; 3) high participation rates among eligible subjects; 4) 

recruitment of participants through different sources; 5) avoiding some biases due to 
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cross-sectional study design; and 6) confidential data collection, using a computer 

assisted survey instrument (CASI).  These aspects of the study are discussed more 

fully below. 

 

Study Population 

 One of the primary strengths of manuscripts 2 and 3 was that the data were 

collected from MSM with recent HIV infection. The San Diego and Los Angeles AIEDRP 

cohorts contain a unique and rare group of people who were identified with HIV within 

weeks to months of infection. To date, few studies of HIV transmission risk factors have 

focused on the use of data from recently infected HIV positive MSM, most likely 

because they are difficult and expensive to identify. Collecting behavioral data on 

recently infected individuals can help to reduce biases associated with recall or 

behavior change. One problem with collecting behavior data through cross-sectional or 

case-control studies is lack of ability to recall information. If an individual has been 

recently infected with a disease, there is a higher probability that s/he will be able to 

recall behaviors just prior to infection.  

 Similarly, one of the primary biases that may be introduced from studying 

chronically infected patients is incidence-prevalence bias. With incidence-prevalence 

bias, prevalent cases may appear to have different exposures than incident cases either 

because of a long duration between exposure and disease assessment or because the 

exposure that was assessed is related to survival after disease occurrence [28]. 

Behaviors of HIV infected patients, especially sexual and risk taking behaviors, may 

change over time and may also change in response to diagnosis. Even if participants 

are newly diagnosed, but chronically infected with HIV, their risk behaviors for acquiring 

HIV may have been different at the time of infection. Additionally, data from recently 
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infected individuals allows for examination of sexual behaviors that either resulted in 

HIV acquisition or may contribute to onward transmission, as individuals who are in the 

early stages of infection may be more likely to transmit HIV to others (45-47).  

 Interviewing these patients shortly after infection and diagnosis has helped to 

reduce the possibility of incidence-prevalence bias. Additionally, lack of ability to recall 

information, not due to recall bias, but to natural limitations in memory, is minimized by 

selecting MSM with acute and early HIV infection. 

 

Complete Data on Date of Diagnosis and Estimated Infection 

 In addition to collecting data on recently infected individuals, complete 

information regarding estimated date for infection and date of diagnosis was available 

for all participants. Knowledge of both HIV diagnosis date and estimated date of 

infection provide temporal structure to these cross-sectional data. If the date of 

diagnosis is known, reports of different behaviors with different partners can be 

examined by the participant’s knowledge of his or her HIV status, such as in manuscript 

3. This allows for inferences in changes across time even though data were collected 

cross-sectionally. Additionally, being able to estimate date of HIV infection allows one to 

investigate behaviors that occurred before, after, or around the time of infection, and to 

perform analyses that examine the highest risk time periods for HIV acquisition and 

transmission. 

 Identifying substance use patterns and behaviors that occurred just prior to and 

just after HIV acquisition are important in helping to establish or refute a causal 

association between substance use and HIV risk behavior. Substance use leading up to 

high-risk sexual behaviors prior to HIV infection may provide evidence for substance 

use as a causal factor in HIV acquisition. Establishing that high-risk sexual behavior 
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such as UAI occurs more often when illicit substances are used as compared to when 

they are not used just prior to sexual activity in the time period leading up to estimated 

date of infection, would provide further evidence of a strong causal association. Such 

analyses would provide evidence for temporality and strength of association in 

establishing a causal association [26]. For many substances there is a need for studies 

that examine temporal associations between substance use and HIV/STI acquisition 

risk among MSM (see Chapter 2, Table 2-5). On the other hand, establishing that high-

risk sexual behavior is more often associated with substance use after the estimated 

date of infection provides more evidence for illicit substance use as a causal factor for 

HIV transmission to others. 

 Although more studies are needed to establish causal associations, the 

literature review (manuscript 1), suggests that some classes of substances are likely to 

be causally associated with HIV and STI acquisition among MSM. Results from 

manuscript 2 suggest that some substances, particularly methamphetamine, may be 

associated with onward transmission of HIV infection. On the other hand, manuscript 3 

suggests that substances that affect transmission of HIV through UAI may change after 

HIV diagnosis.  

 

Participation Rate 

 For manuscripts 2 and 3, there was good participation from eligible individuals. 

Between May 2002 and November 2005, 265 people (195 from San Diego and 70 from 

Los Angeles) were eligible for AIEDRP and 260 (98%) enrolled. Of these, 222 were 

asked to complete the CASI and 221 (99.5%) did. Eight participants were not asked to 

complete the CASI because they spoke Spanish only, three did not remain on AIEDRP 

long enough to complete the CASI, and there were not enough resources in Los 
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Angeles for 27 of the participants to complete CASI. Including all recently infected 

individuals who were identified by AIEDRP in San Diego and Los Angeles, even those 

who declined to participate in AIEDRP or were not offered CASI participation, 83 

percent completed the CASI. Additionally, there were no significant demographic 

differences between those who did and did not complete the CASI (see Chapter 2: 

Methods, E Study Population).  

 As discussed previously in this chapter in more detail, these high participation 

rates are necessary to prevent non-response bias [30] and problems associated with 

external validity and generalizability [31]. If responders and non-responders are 

different, internal validity of a study could be compromised. Additionally, lack of 

participation and reduced likelihood to volunteer to participate in a study could result in 

a study sample that is not generalizable to the population from which it was recruited 

and therefore affect the external validity of a study. The high participation rates in this 

study allow for greater generalizability of study results to MSM populations in California 

and limit non-response bias.    

 

Recruitment 

 In addition to good participation rates, AIEDRP participants were recruited from 

a variety of different sources. The San Diego AIEDRP site has strong ties to 

organizations within the gay community, physicians who diagnose and treat people with 

HIV, and public health resources that have the primary goal of HIV diagnosis and 

prevention. These ties allow for recruitment of participants from a wide range of sources 

that will identify a variety of infected people within the population. Recruitment of 

participants from multiple sites may help to prevent selection biases, such as popularity 

bias, and centripetal bias. In a cross-sectional study, such biases could affect external 



 

 

244 

validity. Popularity bias is of concern when one referral source, such as a testing site or 

hospital, that is very popular refers all the participants of a study [30]. People who 

choose a popular testing site or hospital may be different from those people who do not. 

If potential participants are referred by one physician who has a prestigious reputation, 

centripetal bias may occur [30], affecting external validity because those who chose a 

prestigious physician may be different than those who do not. For example, people with 

lower education may not have heard of the physician, or if they have lower income, they 

may not be able to afford the physician. Recruitment from different sources helps to 

ensure a representative sample of people who are diagnosed early in HIV infection. The 

more representative a sample is, the more generalizable that sample is, which will 

increase the external validity of a study [29;31].  

 

Advantages to Cross-sectional Study Design 

 Although cross-sectional study designs suffer from disadvantages, most notably 

incidence-prevalence bias and temporal ambiguity [29], which were previously 

discussed in this chapter, they do have some advantages over other observational 

study designs. The two greatest advantages to cross-sectional data analysis are that 

data collection is relatively quick when compared to longitudinal studies and cross-

sectional studies tend to be less expensive [28]. Since the data from this study come 

from the baseline CASI data collection of a longitudinal study, this study did not have 

the advantage of lower expense, however baseline data collection and analysis has 

been quicker than follow-up data collection.  

 It has been suggested that analyses of baseline data in a longitudinal study are 

extremely valuable because the results can be confirmed when prospective data are 

collected [29]. Analyses that confirm the associations between substance use and UAI 
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after HIV diagnosis from manuscript 3 will be conducted when the data become 

available. However, the longitudinal data may suffer from biases that were not incurred 

by a cross-sectional design. Problems inherent to longitudinal studies that were not 

experienced in this study include loss to follow-up or censoring and the Hawthorne 

effect. Although cross-sectional studies are susceptible to non-response and volunteer 

biases, by design loss to censoring of data cannot occur. Censoring of data can have 

the same effects as non-response bias. Additionally the Hawthorne effect (i.e., people 

who are aware that they are being observed tend to modify their behavior to more 

health protective choices or to increase the likelihood of a positive outcome [30]) is 

generally not a potential bias for cross-sectional and retrospective studies because the 

exposure and outcome have already occurred.   

 One of the criticisms of cross-sectional data analysis is that it represents a 

“snapshot” in time and therefore information is limited [29]. While this is true, HIV 

acquisition occurs at only one point in time and the same is true for HIV diagnosis. The 

complete data on estimated date of infection and date of diagnosis that was described 

previously in the chapter, have allowed for greater utilization of our cross-sectional data 

through examination of behavior near, before and after these dates. Additionally, 

collecting data retrospectively, not just at the moment in time that the questionnaire was 

administered, allowed for expansion of the traditional cross-sectional study and 

provided some temporality to the data. In a longitudinal study of HIV acquisition, 

exposures surrounding the moment of infection would still have to be collected 

retrospectively, as participants are measured for an outcome periodically.  
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Use of CASI 

 The choice of interview technique and coding of data for this study has 

contributed significantly to the quality of the data. Reports of personal information, such 

as sexual behavior and illicit substance use, are subject to inaccuracies due to 

participant reluctance to share personal information. A number of studies indicate that 

CASI increases reporting of sexual behavior [48;49] and substance use [50;51]. Use of 

CASI in comparison to face to face or self-administered paper and pencil interviews, 

has been associated with greater proportions of participants reporting socially sensitive 

or stigmatized behaviors [48;49;51-54] and decreased reporting of health protective 

behavior, such as condom use [52;55]. For example among 671 STD clinic patients in 

Baltimore, participants were more likely to report sexual contact with a same sex 

partner, receptive anal intercourse, orogenital intercourse, and a greater number of 

sexual partners in the past month with CASI as compared to face to face interviews 

[48]. A small number of studies have also demonstrated test-retest reliability when using 

CASI [56], validity of reporting with CASI [57;58], and acceptability of CASI as an 

interview technique [59]. 

 Among the participants of this dissertation study, similar responses to the use of 

CASI may have occurred. Anecdotal reports from screening and nursing staff indicate 

that male participants were less likely to report sexual contact with women if they self-

identified as gay and sexual contact with men if they self-identified as heterosexual in 

face to face interviews than on CASI. However, data entry of patients’ medical charts 

has not been completed to determine if these differences were significant. However, if 

face to face interviews were conducted instead of CASI and a significant number of 

participants were less likely to report UAI and/or substance use, misclassification would 

occur. If participants were less likely to report any substance use or any UAI, this may 
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spuriously increase the odds ratio (Figure 6-2a), because data for cells A, B, and C 

would all be misclassified in to cell (in a simplified unadjusted model). However, the 

odds ratio would be affected differently depending on how participants were 

misclassified (see B. Biases). Additionally, some men who reported sexual contact with 

both men and women by CASI, but not in interviews with their nurse, would not have 

been included in these analyses. 

 Another strength that could have increased the validity of self-report among 

participants was questionnaire confidentiality. All participants were provided a unique 

study identification number, and CASI data were collected under this number. No 

names were associated with the data and participants completed the CASI in a private 

room with no-one else present, which has also been shown to increase reporting of 

sensitive information [60]. Study nurses were not given access to CASI data and 

participants were informed of this.  

 Use of CASI may have also reduced the potential of missing information bias. 

Although all participants were given the option to decline to answer any question in the 

interview, none of the participants included in these analyses decline to answer 

questions pertaining to sexual activity or substance use with their last three partners. 

Although participants may feel uncomfortable declining to answer questions in a face to 

face interview, there is no reason to believe that participants would select an incorrect 

response over declining to answer when alone with a computer. There is evidence that 

participants were comfortable declining to answer some questions on the CASI, as a 

small proportion of participants did decline to answer questions about non-consensual 

sex (n=2, 1%), a history of group sex (n=1, 0.5%), and ever buying (n=1, 0.5%) or 

selling (n=1, 0.5%) sex. Overall, considering the response rate, the lack of missing 

variables, the anecdotal differences between reports to study nurses and reports on 
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CASI, and consistency with previous CASI studies, data on self-reported sexual 

behavior in this study is likely to be accurate and is more valid than data collected using 

another type of interview design (i.e., face to face, paper and pencil).   

   

G. Recommendations and Future Directions  

 The three studies that comprise this dissertation suggest the need for future 

studies of substance use and HIV/STI risk among MSM. Some of these 

recommendations will be used to direct future analyses of the CASI data that are still 

being collected on the San Diego AIEDRP cohort. Future recommendations for other 

studies or other cohorts were recommended in each manuscript and are summarized 

below. Additionally, future directions for the study of substance use and risk for HIV 

acquisition and transmission among the San Diego AIEDRP cohort are described below 

and include: implementation of case-control study design to examine associations 

between illicit substance use and EDM misuse and acquisition of HIV; longitudinal 

analyses that examine association between substance use and UAI months or years 

after HIV diagnosis and network modeling that examines substance use, HIV status, 

and attendance at social and sexual venues. 

 

Recommendations for Future Studies  

 Each manuscript in this dissertation built upon one another and provided 

recommendations for future research needs. In manuscript 1, the following were 

suggested for future research to help elucidate the association between substance use 

and UAI; more studies are needed that: 1) examine different drugs individually, rather 

than grouping them as ‘club’ drugs; 2) are prospective and include adequate control of 

confounders; 3) address associations between substance use and unprotected sexual 
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activity using event-level and case-crossover methodologies; 4) examine dose-

response relationships between drug use and HIV/STI; 5) describe patterns of 

substance use, such as polydrug use and EDM misuse; and 6) include analyses, where 

appropriate, that examine substance use in the context of partner type, partnership 

dynamics, meeting and sexual location, and knowledge of HIV status.  

 Utilizing recommendations from manuscript 1, manuscript 2 examined 

associations between use of individual substances and UAI using within-subjects 

analyses and took into account partnership type as a modifying factor. The results of 

manuscript 2 suggest the need to 1) study substance use in the context of partnership 

dynamics; 2) include sexual positioning (i.e., receptive or insertive) in studies of 

substance use and UAI; and 3) conduct more studies of EDM use as a risk factor for 

UAI and HIV/STI acquisition among MSM using case-control or longitudinal study 

designs.  

 Utilizing recommendations in manuscript 1, manuscript 3 expanded on the 

results of manuscript 2 by examining change in patterns of substance use and UAI 

before and after HIV diagnosis. Future research needs that were identified in this 

manuscript included studies 1) that examine partnership and situational factors 

associated with substance use and UAI; 2) that examine substances use behaviors 

before and after HIV diagnosis in larger samples; 3) that help to elucidate risks 

associated with patterns of substance use, such as polydrug use; and 4) that examine 

modifiers and motivations for substance use and UAI in the context of HIV treatment 

optimism and social factors. 

 The importance of each of these recommendations in understanding how 

substance could be a risk factor for HIV acquisition and transmission are described 
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below. Additionally, the value of qualitative and network modeling studies in substance 

use and HIV/STI research are also discussed.   

 

Examination of Individual Substances Using Multivariate Analyses 

  In manuscript 1 a number of articles were excluded because club drugs were 

combined or analyses were not used to examine multivariate associations. Combining 

substances may prevent identifying differential associations between specific 

substances and UAI by a third factor, as was observed in manuscript 3. Had all 

substances been combined in analyses for manuscript 3, the change in association 

between UAI and other substances or methamphetamine after HIV diagnosis would 

have been missed. Combining substances also prevents understanding of which of the 

substances are associated with UAI, which may affect internal validity. Similarly, failing 

to control for confounding in statistical analyses can also result in lack of internal 

validity, as previously described in this chapter.  

 

Event-Level and Within-Subjects Analyses 

 Manuscript 1 highlighted Leigh and Stall’s methodological review of studies that 

examined substance use and high-risk sexual behavior [61]. In their manuscript, Leigh 

and Stall argue that most studies examine global and situational associations, however 

event-level analyses may provide a better understanding of the causal association 

between risky sexual activity and substance use because they provide temporality and 

direct association by examining substance exposure prior to each sexual event. Within-

subjects analyses are also encouraged as they can control for confounding that may not 

have been measured by data collection methods, through use of the subject as his/her 

own control. Few studies of UAI and substance use among MSM have been published 
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that examine within-subjects or event level analyses. Such studies were recommended 

to help minimize temporal bias and confounding, and to help support or refute a causal 

association between substance use and UAI. 

 In manuscript 2, within-subjects analyses among MSM who reported variation in 

UAI (with some, but not all partners) revealed similar associations to those seen those 

seen in the overall sample (Chapter 4). This suggests that individual traits that remain 

stable over the time period between partners, such as personality traits, are not 

confounding the association between substance use and UAI. Such assumptions can 

only be made from studies that include within-subjects analyses. It is also suggested 

that comparisons between global, situational, event-level, and within-subjects analyses 

can provide additional understanding of associations. For example in Manuscript 2 

(Chapter 4), the similar associations observed in the within-subjects and overall sample 

analyses helped to validate one another.   

 

Dose-Response 

 Similarly, few studies were identified that examined a dose-response 

relationship between substance use and UAI. Just as it is important to establish 

evidence of a temporal association or consistency of association between studies, 

establishing a dose-response relationship can help provide evidence for a causal 

association [26]. It is therefore recommended that future studies examine duration of 

substance use and proportion of UAI episodes that were associated with substance use 

prior to HIV or STI acquisition.  

 In manuscript 2, a ‘pseudo’ dose-response relationship was observed between 

proportion of last three partners that were UAI partners (none, some, or all) and 

proportion of participants reporting substance use with any of the last three partners in 
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each category of UAI. A significant trend of increasing proportion of substances users 

was observed from UAI category of ‘none’ to UAI category of ‘all’, suggesting that the 

probability of using substances prior to sexual activity increase with the probability of 

having UAI. Although this is a ‘pseudo’ dose-response, because it only takes into 

account the last three partners, it does suggest that dose-response associations may 

exist for some recreational substances. Future studies that demonstrate dose-response 

would be beneficial in establishing a causal association between substance use and 

UAI.  

  

Temporality   

 In addition to examining effects of specific substances on UAI, temporality, and 

dose-response, manuscript 2 also called for studies that examine patterns of substance 

use, such as polydrug (i.e., using multiple classes of substances) and misuse of 

medically controlled substances, such as EDMs. Previous studies have noted that many 

MSM report polydrug use [62-64], and this pattern was also observed in our cohort in 

manuscript 3. In previous studies, polydrug users were who were MSM reported higher 

rates of UAI [65;66] as compared to non-users or single substance users; more sexual 

partners [67]; a greater likelihood of STI [63]; HIV-positive serostatus [63;67]; and more 

UAI among HIV positive MSM with sero-discordant partners [68]. Additionally, in 

manuscript 3, polydrug use of methamphetamine and other recreational substances 

was associated with increased risk of UAI both before and after HIV diagnosis (Chapter 

5). In combination, these studies suggest the need to elucidate a better understanding 

of the reasons for increased risk of polydrug users over single substance users. 

Additionally, potential misuse of EDMs among MSM has raised concern that EDM 

abuse could increase the risk for HIV transmission [13;15;69;70]. In manuscript 2, EDM 
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use was associated with increased risk of UAI, but only when used with a main partner 

(Chapter 4). Further understanding of patterns of EDM use and dynamics of use within 

given situations would help to elucidate the importance of EDM misuse as a risk for HIV 

acquisition and transmission. 

 

Substances that were Under-studied 

 More studies in general are needed for MDM, GHB, ketamine, LSD, EDM use, 

and Flunitrazepam, as few studies, if any, examined these substances as risks for UAI, 

HIV or STI among MSM. It is recommended that longitudinal studies are designed 

around methamphetamine questions and that other substances be included. Although 

there are a number of good quality studies that suggest a direct causal relationship 

between methamphetamine and HIV risk that warrant cost of a longitudinal design, 

there is little evidence for a causal relationship between MDMA, GHB, ketamine, EDM, 

LSD, or flunitrazepam and UAI. Use of less expensive pilot studies, such as cross-

sectional or case-control, is recommended if only asking about one of the less studied 

substances to prevent wasting valuable health resources and promising results from 

hypothesis generating studies, such as cross-sectional studies, should lead to more 

expensive studies, such as case-control and finally longitudinal. For example, a number 

of cross-sectional studies suggest an association between EDM use and UAI [13;15;69-

71], however these studies are not sufficient to determine if EDM use is a risk factor for 

HIV/STI acquisition among MSM. A case-control study that includes recently infected 

cases and high-risk controls may be useful in helping to determine if a causal 

association is likely. Furthermore, there is a need to examine amount and duration of 

use of EDM, as well as context of use with regard to other substances and partnership 

dynamics. 
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Partnership Dynamics   

It is recommended that associations between substance use and HIV/STI risk 

should be examined in the context of partner type, location of sexual encounter and 

dynamics of the partnership in which sexual contact occurs. Sexual encounters are part 

of a complex dynamic between individuals and are likely to contain more factors than 

just substance use; for example, reasons for sexual attraction, partner choice, level of 

emotional connection and trust between partners, and perceived HIV serostatus of self 

and partner. Such dynamics may dictate choice of sexual activity and use of 

substances, and should therefore be taken into account in order to prevent confounding 

and to establish a better understanding of how substance use may modify sexual 

activity choice.  

In manuscripts 2 (Chapter 4) and 3 (Chapter 5), UAI was associated with sexual 

contact with a main partner independent from substance use. Additionally in manuscript 

2, methamphetamine was associated with increased risk of UAI in general, but not with 

the main partner. In comparison, EDM use was associated with UAI when sexual 

activity occurred with a main partner, but not with other partner types or in the overall 

sample analyses. This indicates modification of substance effect on UAI based on 

partner type. Inclusion of data on partnership dynamics may assist in identifying factors 

that modify the association between substance use and UAI, which can clarify causal 

associations. Additionally, understanding effect modification by partner type may help in 

developing interventions that deal with HIV prevention differently based on the type of 

partners an individual reports. 
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Sexual Positioning 

 In both manuscripts 2 and 3, examination of associations between substance 

use and type of UAI (receptive versus insertive) was not possible due to limitations in 

the questionnaire that were previously discussed in this chapter. However, inclusion of 

sexual positioning and beliefs about sexual positioning and HIV risk is recommended in 

future studies of substance use and UAI. Working with the theoretical framework from 

manuscript 1 (Chapter 2), for some substances, plausibility of a causal association may 

be more likely to be associated with either insertive or receptive UAI, but not both. For 

example, EDMs are designed to increase a man’s ability to obtain and sustain an 

erection. It is therefore more plausible that EDM use would increase the risk of HIV 

acquisition for the insertive partner than the receptive partner. Associations between 

insertive UAI and EDM use as a risk factor for HIV acquisition and transmission may 

have more biological credibility than receptive UAI and EDM use. 

 Additionally, beliefs about sexual positioning and risk for HIV acquisition or 

transmission may play a role in choice of sexual activity and change in sexual behavior 

after HIV diagnosis. For example, among MSM who believe that insertive UAI is 

associated with minimal risk for HIV acquisition, may switch from practicing insertive 

UAI to only practicing receptive UAI after HIV diagnosis. Although UAI may still be 

practiced, the belief may be that his partners are not at risk of acquiring HIV. 

Understanding such beliefs in choice of sexual activity may be important in targeting 

effective interventions or using interventions to modify such beliefs.   

 

Substance Use Before and After HIV Diagnosis 

 Manuscript 3 demonstrated the need for more studies that examine type of 

substance used and risk for UAI before and after HIV diagnosis, as it appears that 
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associations between type of substance used and UAI could change based on 

knowledge of HIV status. In particular, longitudinal studies that examine longer 

durations of time before and after HIV diagnosis are needed to establish that there is a 

constant trend in both the association between methamphetamine and UAI before HIV 

diagnosis and that other substances continue to be associated with UAI after diagnosis. 

Additionally, examination of longitudinal data pertaining to UAI and substance use after 

HIV diagnosis would help to determine if associations persist. Understanding such 

associations are important for designing HIV interventions. For example, if the results in 

manuscript 3 are also observed in longitudinal studies, then an effective intervention 

may target methamphetamine prevention and cessation among MSM with perceived 

HIV-negative or unknown HIV status, and target prevention and cessation of all illicit 

substances among MSM who are HIV-positive. 

 Additionally, larger studies are recommended that examine substance use and 

UAI before and after HIV diagnosis. Large sample sizes are important for such studies 

to allow for enough power to detect interactions. In manuscript 3, marginally significant 

interaction (0.1 > p > 0.05) were observed for the interactions that examined changes in 

associations between methamphetamine and UAI or other substances and UAI, 

however the odds ratios were very different (Chapter 5). It has been suggested that this 

may be a result of low power to detect interactions, as the power may be an order of 

magnitude less for interaction terms than for predictor variables [72-74]. Additionally, 

studies with larger sample sizes may have the ability to examine all types of substance 

use, not only methamphetamine as compared to other substances, which may help 

elucidate which substances were associated with greatest risk for UAI in the other 

category.  
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Qualitative and Network Modeling Studies  

 In addition to traditional observational studies, use of qualitative data and 

modeling the structure of sexual and substance use networks may be helpful in 

understanding how substance use can increase the risk of HIV transmission and 

acquisition among MSM and what interventions may be most effective. Qualitative 

studies can assist researchers in focusing quantitative analyses and provide evidence 

for hypotheses. Such studies should focus on biological and cognitive changes that 

substance users report experiencing while under the influence and how these changes 

may contribute to increased risky behavior. Additionally, it would be helpful to explore 

settings and partner dynamics in situations where substance use and sexual activity 

coincide. Exploring triggers for substance use and risky behavior may also help to focus 

intervention studies. Additionally, more studies that examine factors that modify and 

motivate HIV-negative and HIV-positive MSM to use substances and practice UAI may 

help to support or refute causal associations between substance use and UAI and to 

develop more effective prevention interventions that focus on substance use prevention 

and cessation among MSM.  

 Modeling sexual, social, and substance use networks can provide a better 

understanding of how use of a particular substance brings people together to increase 

HIV transmission risk. Modeling studies may be helpful in determining the specific 

groups of individuals or regions to target for the most efficient and effective delivery of 

interventions. 

 

Future Directions for the San Diego AIEDRP CASI Stu dy  

 Drawing from the recommendations provided in this dissertation, future analyses 

of AIEDRP data have been planned. These analyses include case-control studies using 
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additional data that were collected on HIV negative controls, network modeling, and 

examination of longitudinal data.  

 Data collection on HIV negative controls that were recruited from failed AIEDRP 

screens; San Diego County STD clinics; the Gay, Lesbian, and Bisexual Center; and 

the Gay Men’s Health Clinic is complete and a number of case-control studies have 

been planned. Planned future studies include case-control studies that further examine 

risk factors for HIV acquisition including EDM use, polydrug use, and use of other 

substances that are commonly reported by this cohort (e.g., methamphetamine, GHB, 

marijuana, and volatile nitrates). Of particular interest, is a case-control study that will 

examine duration and frequency of EDM use as a risk factor for HIV acquisition. 

Reasons for EDM use, EDM use behaviors, and how EDMs are obtained will also be 

examined.  

 Additionally, attempts will be made to model the network structures of infected 

and non-infected individuals and substance using and non-using individuals. The results 

of this study may help to determine the amount of overlap in locations of sexual 

recruitment of HIV-negative and HIV-positive MSM who use substances, thus allowing 

for indirect estimation of HIV risk among HIV-negative substance users. Additionally, 

such information may be useful in determining the high-risk groups of HIV-positive and 

negative MSM to target for substance use prevention studies.  

 Attempts will be made to examine associations between substance use and UAI 

using data from follow-up interviews on AIEDRP CASI participants. These analyses will 

help to determine if the lack of associations observed between UAI and 

methamphetamine use and the positive association observed between other 

substances and UAI in manuscript 3 stay constant over a longer duration of time. Such 
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information is useful in determining what types of substance use to target for UAI 

prevention after HIV diagnosis among MSM.  

 

H. Conclusions 

 Well into the third decade of the recognized pandemic, HIV transmission 

continues unabated worldwide. Currently, identification of infection, social and 

behavioral modification, and, in some instances, anti-retroviral therapy (ART) are the 

only options for prevention. Observational studies inherently have more methodological 

challenges than experimental studies, however the nature of epidemiological research 

dictates that most ethical research be conducted in the form of observational studies. 

Therefore, high quality observational studies that are designed to minimize threats to 

internal and external validity and provide support for or refute potential causal 

associations between potential risk factors and HIV acquisition and transmission should 

be conducted. Identifying risk factors associated with acquisition and transmission of 

HIV is a vital prerequisite for developing appropriate interventions.  

 This dissertation has focused on substance use as a risk factor for HIV 

acquisition and transmission among MSM. A review of the literature was conducted and 

recommendations for future studies that would assist in establishing or refuting causal 

associations between substance use and UAI were provided. Additionally analyses, 

which have been included in two manuscripts, examining UAI in recently HIV-infected 

MSM demonstrated that the use of specific substances in specific contexts is 

associated with UAI. Within each manuscript recommendation for future studies that 

may assist in further understanding the associations between UAI and substance use 

are addressed. These recommendations are further summarized and their importance 
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in understanding causal associations or creating interventions are explained in the 

discussion.  

 The overall findings of this dissertation study suggest that methamphetamine, 

and possibly other substances increase the risk of UAI among MSM. Associations 

between substance use and UAI risk are modified by the type of partner with which 

sexual activity occurs and knowledge of one’s own HIV status. Further studies are 

needed to determine if causal associations exist between specific substances and UAI, 

however interventions that target substance use may have the potential to limit the 

ongoing HIV epidemic among MSM. 
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Table 6-1 : A Priori Sample Size and Power Calculations for Logistic Regression 
(including prevalence of STI, prevalence of reporting sildenafil use, a power of 80%, an 

-level of 0.05 and testing a two side hypothesis).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Sample sizes generated using the Daysmith [75] program from StatLib (http://lib.stat.cmu.edu). 
 

 

 

 

 

 

 

UAI Substance 
Use 

Odds Ratio 

Prevalence Prevalence 2.0 3.0 4.0 5.0 
  UAI No 

UAI 
UAI No 

UAI 
UAI No 

UAI 
UAI No 

UAI 
30 
40 
50 

 
10 

207 
235 
277 

476 
335 
277 

73 
82 
95 

167 
122 
95 

42 
47 
55 

96 
71 
55 

30 
33 
38 

68 
49 
38 

60  331 323 114 80 65 46 46 32 
30 
40 
50 

 
15 

152 
173 
204 

349 
206 
204 

55 
62 
73 

126 
93 
73 

33 
37 
43 

75 
55 
43 

24 
27 
31 

54 
40 
31 

60  245 172 87 61 52 36 37 26 
30 
40 
50 

 
20 

126 
144 
170 

288 
215 
170 

47 
53 
63 

107 
80 
63 

29 
32 
38 

65 
48 
38 

21 
24 
28 

48 
35 
28 

60  162 113 75 53 46 32 33 24 
30 
40 
50 

 
25 

111 
127 
151 

255 
191 
151 

43 
49 
58 

97 
73 
58 

26 
30 
36 

60 
45 
36 

20 
22 
26 

45 
33 
26 

60  144 101 69 49 43 30 32 22 
30 
40 
50 

 
30 

103 
118 
141 

238 
177 
141 

40 
46 
55 

92 
69 
55 

25 
29 
35 

58 
43 
35 

19 
22 
26 

43 
32 
26 

60  170 119 66 47 42 29 31 22 
30 
40 
50 

 
35 

98 
113 
135 

224 
169 
135 

39 
45 
54 

89 
67 
54 

25 
29 
34 

57 
43 
34 

19 
22 
26 

43 
33 
26 

60  163 114 65 46 42 29 32 22 
30 
40 
50 

 
40 

96 
111 
132 

219 
166 
132 

39 
45 
54 

89 
67 
54 

25 
29 
35 

57 
44 
35 

19 
22 
27 

44 
33 
27 

60  161 113 66 46 43 30 33 23 
30 
40 
50 

 
45 

96 
111 
133 

219 
166 
133 

40 
46 
55 

90 
69 
55 

26 
30 
36 

59 
45 
36 

20 
23 
28 

46 
35 
28 

60  162 113 67 47 44 31 34 24 
30 
40 
50 

 
50 

97 
113 
136 

223 
170 
136 

41 
48 
58 

94 
71 
58 

27 
32 
38 

62 
47 
38 

21 
25 
30 

48 
37 
30 

60  166 116 70 49 47 33 37 26 
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Table 6-2:  Prevalence of substance use or UAI among the last three partners for 

manuscripts 2 and 3 

 % prevalence (n) 

Manuscript 2 n = 572 

   Unprotected Anal Intercourse 54.9 (314) 

   Methamphetamine 23.6 (135) 

   Volatile Nitrites 19.4 (111) 

   Gamma Hydroxy-butyrate 8.2 (47) 

   Marijuana 13.1 (75) 

   Erectile Dysfunction Medication 14.2 (81) 

Manuscript 3  n = 603 

   Unprotected Anal Intercourse 55.4 (334) 

   Methamphetamine only 5.5 (33) 

   Substances Other than Methamphetamine 20.4 (123) 

   Methamphetamine and Other Substances 18.1 (109) 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1: Post-Hoc Power for Univariate Associations between UAI and Substance Use in Manuscript 2 
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Figure 6-2: Post-Hoc Power for Interactions between Substance Use and Timing of Sexual Activity in Manuscript 3 
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Figure 6-3: Post-Hoc Power for Substance Use and UAI before Diagnosis in Manuscript 3 
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Figure 6-4: Post-Hoc Power for Substance Use and UAI after Diagnosis in Manuscript 3 
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Table 6-3: Potential Biases in Cross-sectional Observational Studies and Likelihood of Occurrence in the Dissertation Study  

Bias Class 
Bias Name 

Description Threat 
to 

Validity 

Likelihood 
 

Reasoning for Presence or Absence and 
Methods for Avoiding the Bias 

Dissemination     
Publication Studies that demonstrate associations are more 

likely to be published than those that do not 
Internal Unknown A thorough search of the literature was 

completed, however may be difficult to avoid. 
Citation Articles that are more frequently cited are more 

easily found and therefore more likely to be 
included 

Internal Unlikely A thorough search of the literature was 
completed. 

Language Studies published in other languages are not 
included 

Internal Somewhat 
Unlikely 

Most abstracts published in English, all 
abstracts reviewed. 

     
Selection     
Incidence-
Prevalence 
(Neyman) 

Selection of prevalent (as opposed to incident) 
cases in a cross-sectional or case control study 

Internal  Very 
Unlikely 

Only incident cases were used for this study 

Loss to Follow-
up 

Loss to follow-up is uneven in exposure or 
outcome categories 

Internal Very 
Unlikely 

Cross-sectional study design 

Missing 
Information 

Participants with complete data differ from those 
with incomplete data 

Internal Very 
Unlikely 

There were complete data for all variables that 
were assessed.  

Non-response Those who do not respond differ from those who 
do 

Internal Unlikely Respondents and non-respondents were 
similar with respect to demographics. 

Healthcare 
Access  

Patients admitted to a particular institution are not 
representative of those with the disease/outcome 

External Possible Different referral sources were used, however 
representation of all incident HIV cases 
unlikely. 

Volunteer Those who volunteer are inherently different than 
those who do not 

External  May be 
present 

Unavoidable, in all studies participants are 
volunteers. Participants were mostly recruited 
through referral by physicians and HIV test 
counselors, therefore may be more likely to 
participate than self-referral. 

Generalizability The sample is not generalizable to all individuals at 
risk for the outcome 

External  Unlikely CASI sample approximates California and San 
Diego HIV cases 

(Table 6-3 continued on next page) 
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Table 6-3: Potential Biases in Cross-sectional Observational Studies and Likelihood of Occurrence (continued) 

Bias Class 
Bias Name 

Description Threat  
to  
Validity 

Likelihood Reasoning for Presence or Absence and 
Methods for Avoiding the Bias 

Information     
Recall 
 

Ability to recall past exposure is dependent on 
outcome status (e.g., those with the outcome are 
more likely to recall exposure).  

Internal  Somewhat 
Unlikely 

Outcome was not a particular disease as 
with a case-control study, all participants 
had HIV and did not know that UAI would 
be an outcome. 

Interviewer Outcome or diagnosis is not independent of 
knowledge of exposure. Participant is “lead” by 
interviewer emphasizing what s/he would like to hear. 

Internal  Very 
Unlikely 

CASI interview used 

Respondent Soft outcomes, left to respondent interpretation (e.g., 
migraine headaches)  

Internal  Somewhat 
Unlikely 

Anal intercourse was defined and use of a 
condom is often not mistaken among 
adults. 

Temporal 
Ambiguity 

Proper temporal sequence cannot be firmly 
established (risk factor-> disease)  

Internal Somewhat 
Unlikely 

Participants were asked if they used 
substances prior to sexual activity. 

Reporting Participants provide the answers that they believe 
researchers would like to hear 

Internal  Unlikely The participants were not told of which 
associations were being examined. 
Distance placed between sexual activity 
and substance use questions on CASI. 

Hawthorne Effect Participants under study modify their behavior to 
reduce the likelihood of a negative outcome 

Internal Very 
Unlikely 

Usually a problem of a longitudinal or 
repeated measures study 

     
Confounding A result of a factor that is not controlled for in 

analyses or sampling and is associated with the 
outcome and main predictor, but is not part of the 
causal pathway, which causes a spurious association 
between the variables of interest  

Internal  Unlikely Confounding was controlled for in statistical 
analyses. 
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Exposure: 

A: Under selection of substance users 
reporting no UAI 

  
UAI 

 
No UAI 

 
Drug 
 

 
A 

 
B - 40% 

 
No Drug 
 

 
C 

 
D 

OR=(A)(D)/(0.6 B)(C) 

 

B: Under selection of substance users 
reporting UAI 

  
UAI 

 
No UAI 

 
Drug 
 

 
A - 40% 

 
B  

 
No Drug 
 

 
C 

 
D 

OR=(0.6 A)(D)/(B)(C) 

 

C: Similar selection of substance users 
reporting UAI and no UAI 

  
UAI 

 
No UAI 

 
Drug 
 

 
A - 20% 

 
B - 20% 

 
No Drug 
 

 
C 

 
D 

OR=(0.8 A)(D)/(0.8 B)(C) 

 

 

Outcome: 

D: Under selection of those who report 
UAI and substance use 

  
UAI 

 
No UAI 

 
Drug 
 

 
A – 40% 

 
B 

 
No Drug 
 

 
C 

 
D 

OR=(0.6 A)(D)/(B)(C) 

 

E: Under selection of those who report 
UAI and no substance use 

  
UAI 

 
No UAI 

 
Drug 
 

 
A  

 
B  

 
No Drug 
 

 
C - 40% 

 
D 

OR=(A)(D)/(B)(0.6 C) 

 

F: Similar selection of those who report 
UAI and substance / no substance use 

  
UAI 

 
No UAI 

 
Drug 
 

 
A - 20% 

 
B  

 
No Drug 
 

 
C - 20% 

 
D 

OR=(0.8 A)(D)/(B)(0.8 C)

Figure 6 -5: Potential effects of selection bias on the association between substance use 

and UAI 

True OR=(A)(D)/(B)(C) 
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A: Participants are less likely to 
report UAI and or substance use 

  
UAI 

 
No UAI 

 
Drug 
 

 
A – 40% 

 
B – 20% 

 
No Drug 
 

 
C – 20% 

 
D + 

(.4A + .2B +.2C) 

OR=(.6A)(D+.4A+.2B+.2C)/(0.8 B)(0.8 C) 

 
 

B: Participants are more likely to 
report UAI if they used substances 
or substance use if they had UAI 

  
UAI 

 
No UAI 

 
Drug 
 

 
A +  

(.3C +3.B) 

 
B - 30% 

 
No Drug 
 

 
C - 30% 

 
D  

OR=(A+.3B+.3C)(D)/(0.7 B)(0.7 C) 

 
 

C: Participants are less likely to 
report substance use if they had UAI 

or UAI if they used substances 
  

UAI 
 

No UAI 
 
Drug 
 

 
A - 50% 

 
B +.25A 

 
No Drug 

 
C +.25A 

 
D 
 

OR=(0.5A)(D)/(B+.25A)(C+.25A) 

 
 
 
 

D: Participant is more likely to recall the 
exposure if he had the outcome 

  
UAI 

 
No UAI 

 
Drug 
 

 
A +.2B 

 
B - 20% 

 
No Drug 
 

 
C -20% 

 
D +.2C 

OR=(A+.2B)(D+.2C)/(0.8 B)(0.8 C) 

 

E: Indiscriminant misclassification 
 
 

  
UAI 

 
No UAI 

 
Drug 
 

 
A - 20% 
(+.3C) 

 
B - 40% 
(+.5D) 

 
No Drug 
 

 
C - 30% 
(+.2A) 

 
D - 50% 
(+.4B) 

OR=(0.8A +.3C)(0.5D+.4B)/(0.6B+.5D)(0.7C+.2A) 

Figure 6 -6: Potential effects of differential misclassification due to information bias on 

the association between substance use and UAI                             

[ True OR=(A)(D)/(B)(C) ] 
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A: 20% of those with exposure are 
misclassified as not having exposure 

regardless of UAI 
  

UAI 
 

No UAI 
 
Drug 
 

 
A – 20% 

 
B – 20% 

 
No Drug 
 

 
C + .2A 

 
D + .2B 

 
 
 

Correctly Classified 
 

B: 40% of those with UAI are 
misclassified as not having UAI 

regardless of exposure 
  

UAI 
 

No UAI 
 
Drug 
 

 
A - 40% 

 
B + .4A 

 
No Drug 
 

 
C -40% 

 
D + .4C 

 
 
 

Correctly Classified 
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OR=(40)(100)/ (30)(40)= 3.33 
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40-8 

 
30-6 

 
No Drug 
 

 
40+8 

 
100+6 

OR=(32) (106)/(24)(48)=2.94 
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OR=(80)(200)/ (50)(80)= 4.0 

 

Misclassified 
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No UAI 
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80-32 

 
50 +32 

 
No Drug 
 

 
80-32 

 
200 +32 

OR=(48)(232)/ (82)(48)= 2.83 

 

  

Figure 6 -7: Potential effects of non-differential misclassification due to 

information bias on the association between substance use and UAI                            

[ OR=(A)(D)/(B)(C) ] 
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A: 20% and 40% of those with exposure 
are misclassified 

  
UAI 
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Drug 
 

 
A – 40% 
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No Drug 
 

 
C + .4A 

 
D + .2B 
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OR=(40)(100)/ (30)(40)= 3.33 

 
 

Misclassified 
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40-16 
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40 + 16 

 
100 + 6 

OR=(24)(106)/ (24)(56)= 1.89 

 

 

 

 

 

 

B: 20% and 40% of those with the 
outcome are misclassified 
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No UAI 

 
Drug 
 

 
A – 20% 

 
B + .2A 

 
No Drug 
 

 
C – 40% 

 
D + .4C 
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OR=(80)(200)/ (50)(80)= 4.0 

 
 

Misclassified 
 
  

UAI 
 

No UAI 
 
Drug 
 

 
80-8 

 
50 + 8 

 
No Drug 
 

 
80 - 32 

 
200 + 32 

OR=(72)(232)/ (58)(48)= 6.0 

Figure 6 -8: Potential effects of uneven proportions of misclassification (resulting in 

differential misclassification) by outcome or exposure due to information bias on the 

association between substance use and UAI. 6-3A will result in an odds ratio closer 

to the null because the larger proportion of subjects are misclassified from the 

exposed with outcome cell (A). In 6-3B the reverse is true, fewer subjects are 

misclassified from cell A.           
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Table 6-4 : Comparisons of demographics and risk categories of HIV cases in the United 

States, California, San Diego, and AIEDRP participants who completed CASI 

Characteristic United States† 

% (n) 

n=224 597 

California 
ŧ
 

% (n) 

n=40 096 

San Diego‡ 

% (n) 

n=4616 

AIEDRP 

% (n) 

n=220 

Gender     

    Male 69.5 (156 095) 85.3 (34 181) 90.0 (4152) 98.6 (217) 

    Female 30.5 (68 502) 13.8 (5539) 10.0 (464) 1.4 (3) 

    Transgender Not reported 0.9 (374) 0 0 

    Unknown Not reported  < 0.1 (2) 0 0 

Risk Category     

    MSM 33.8 (76 003) 61.8 (24 780) 71.8 (3315) 87.7 (193) 

    Heterosexual 19.7 (44 208) 9.0 (3606) 10.3 (477) 5.0 (11) 

    IDU 14.1 (31 709) 8.3 (3341) 6.0 (277) 0 

    MSM/ IDU 3.7 (8298) 5.9 (2375) 6.8 (312) 6.8 (15) 

    Other/ Unknown 28.7 (64 379) 15.0 (5994) 5.1 (235) 0.5 (1) 

Age
∂
     

    > 20 2.9 (13 371) 2.2 (875) 2.1 (98) 2.3 (5) 

    20-29 17.0 (76 969) 26.1 (10 478) 32.2 (1486) 29.6 (64) 

    30-39  39.6 (179 828) 40.5 (16 247) 43.1 (1989) 36.6 (79) 

    40-49 29.1 (132 386) 22.8 (9146) 17.3 (797) 24.5 (53) 

    50 + 11.4 (51 602) 8.4 (3350) 5.4 (248) 6.9 (15) 

Ethnicity     

    Asian/ Pacific Islander 0.6 (1306) 2.8 (1129) 2.3 (105) 2.3 (5) 

    Black/ African American 49.0 (109 991) 19.4 (7767) 13.2 (607) 5.5 (12) 

    Caucasian 34.2 (76 703) 48.5 (19 450) 61.9 (2857) 67.7 (149) 

    Hispanic 15.0 (33 640) 25.8 (10 351) 21.8 (1007) 20.9 (46) 

    Native American 0.5 (1068) 0.6 (238) 0.8 (40) 1.4 (3) 

   Other 0.8 (1889) 2.9 (1129) 0 2.3 (5) 

† Data for the United States based on cumulative HIV cases reported to the Centers for disease control and 
prevention through 12/31/04 [45]. ŧ
 Data for the State of California based on cumulative HIV cases through 01/31/06 [76] 

‡ Data for San Diego County based on cumulative HIV cases through 12/31/04 [77] ∂
 Age statistics for the United States are based on people living with HIV/AIDS through 12/31/04 (n=454 

156), as age for those with HIV was not available, and may not be representative of the age at HIV 
diagnosis, or comparable to age at HIV diagnosis reported for California, San Diego, and AIEDRP. 
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Table 6-5 : Comparisons of ethnicity among MSM and MSM/IDU with HIV in the United 

States, San Diego County, and AIEDRP CASI Respondents 

Ethnicity United States† 

% (n) 

n=84 301 

San Diego‡ 

% (n) 

n=3627 

AIEDRP 

% (n) 

n=208 

Asian/ Pacific Islander 0.7 (575) 2.1 (75) 2.4 (5) 

Black/ African American 30.1 (25 356) 9.6 (349) 2.9 (6) 

Caucasian 54.7 (46 085) 66.5 (2410) 70.2 (146) 

Hispanic 13.5 (11 347)  21.1 (766) 20.6 (43) 

Native American 0.6 (517) 0.7 (27) 1.4 (3) 

Other 0.5 (421) 0 2.4 (5) 

† Data for the United States based on cumulative HIV cases reported to the Centers for disease control and 
prevention through 12/31/04 [45]. 

‡ Data for San Diego County based on cumulative HIV cases through 12/31/04 [77] 
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APPENDIX A: 

 

QUESTIONS FROM DATA COLLECTION INSTRUMENT 
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Demographics 

 

1.  What is your date of birth? 

 

2.  Are you male or female?   

  1 male 

  2 female 

  

3.  Please type the number of the highest year or grade of school that you have 

 completed and received credit for: 

  1 No formal school 

  2 1st through 8th grade 

  3 grade 9 

  4 grade 10 

  5 grade 11 

  6 grade 12 

  7 some college 

  8 completed college 

  9 some post-graduate training 

  10 masters degree 

  11 Dr.PH, DVM, J.D., M.D, Ph.D. or other graduate degree beyond  

   Masters  

 

 

4.  What is your ethnicity or racial background? (Please select all that you feel 

 describe you) 

 1 Asian  

 2  African American or Black 

 3  Caucasian (white - non Hispanic) 

 4  Hispanic or Latino 

 5  Pacific Islander  

 6  Native American/American Indian/Alaskan Native 

 7  Other (Please specify)_______________      
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5.  Are you currently working full-time, part-time or not at all? 

  1 full-time 

  2 part-time 

  3 not working now 

 

 

Sexual History 

 

Introduction: In the next series of questions we will ask about your sexual history. 

 

For the purpose of this questionnaire when we ask about SEXUAL ACTIVITY we are 

talking about any of the following activities: 

 oral sex  

 vaginal sex 

 anal sex 

 rimming 

 fisting 

 group sex 

 

 

6.  In the LAST 12 MONTHS, have you had sexual activity with men, women, or 

 both men and women? 

  1 men only 

  2 women only 

  3 both men & women 

  4 had NO sexual activity AT ALL in the LAST 12 MONTHS 

 

 

7.  Counting all of your male sexual contacts, even those that you had sexual activity 

 with only once, how many men have you had sexual activity with in your LIFE? 

  If you had sexual activity with 999 or more men, type 999. 

  If you cannot remember how many men, please guess. 
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8.  During the LAST 12 MONTHS, how many men, if any, did you have sexual 

 activity with? 

  PLEASE COUNT EVERY MAN, EVEN THOSE THAT YOU HAD   

 SEXUAL ACTIVITY WITH ONLY ONCE. 

  If you had sexual activity with 999 or more men type 999. 

 

 

9.  During the LAST 3 MONTHS, how many men, if any, did you have sexual 

 activity with? 

  PLEASE COUNT EVERY MAN, EVEN THOSE THAT YOU HAD  

  SEXUAL ACTIVITY WITH ONLY ONCE.. 

  If you had sexual activity with 999 or more men, type 999. 

 

10.  During the LAST MONTH, how many men, if any, did you have sexual activity 

 with? 

  PLEASE COUNT EVERY MAN, EVEN THOSE THAT YOU HAD  

  SEXUAL ACTIVITY WITH ONLY ONCE. 

 

11. Have you ever had sexual activity with more than one person at one time  

 (group sex)? 

  1 Yes 

  2 No 

   (If answer is “No” skip to question 13) 

 

12. In the LAST 12 MONTHS how many times have you had group sex? 

  (If you cannot remember, please estimate.) 

  If 99 times or greater, type 99. 

 

13. Have you ever given someone money or goods for sexual activity 

 (In other words, have you ever bought or paid for sex)? 

  1 Yes 

       2 No 
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14. Have you ever had sexual activity for money or goods 

 (In other words, have you ever sold sex yourself)? 

  1 Yes 

      2 No 

 

15. Are you a professional sex worker or escort? 

  1 professional sex worker 

  2 escort 

  3 no 

 

16. Have you ever injected drugs? 

  1 Yes 

  2 No 

  (If answer is “No” skip to question 18) 

 

17. In the LAST 12 MONTHS, have you injected drugs? 

  1 Yes  

  2 No 

 

 

 

Introduction: Many people have had an experience where they were forced to have sex 

in their lifetime. We would like to know more about people's experience with forced sex 

so we can help other people in the future. Therefore we would like to ask you some 

questions about whether you have experienced such a situation and if so, what 

occurred.  

 

If you feel that it would be too hard to answer these questions right now, please feel free 

to type 0 now and move on to the next set of questions. If you would be willing to answer 

these questions, please press the 1 key. Remember that you can decline to answer 

individual questions by typing -1. 
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18. Have you ever felt that you have been molested, raped or forced to have sex? 

  1 Yes 

       2 No 

 

 

19. In the next series of questions we will ask about your sexual history... 

 Thinking about the very first time in your life that you had sexual intercourse, 

 how old were you? 

 

 (Please tell us how old you were the very first time, even if you were forced, 

 raped or molested.) 

 

 By SEXUAL INTERCOURSE we mean:  

 

  ANAL SEX BETWEEN TWO MEN: (one man putting his penis in   

 another man's anus, rectum, butt or asshole) 

   OR VAGINAL SEX BETWEEN A MAN AND WOMAN: (a man putting  

 his penis into a woman's vagina).  

 

 

 

 

 

Last Three Partners Series (the following questions were repeated for all three 

partner) 

 

Introduction:  In the next series of questions we will ask about the last 3 people   

  that you had sexual activity with. 

   (These people could be men, women or both men and women.) 
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20.  Please type the first name or nickname of one of the last person that you had 

 sexual activity with below. 

  (This does not have to be a real name, but this name will be used to refer  

  to this person for the next series of questions. To help prevent confusion,  

  please use the same name to represent the same person throughout this  

  interview). 

 

21.  Please type the first name or nickname of the second to last person that you had 

 sexual activity with below. 

  (This does not have to be a real name, but this name will be used to refer  

  to this person for the next series of questions. To help prevent confusion,  

  please use the same name for the same person throughout this   

  interview). 

 

22.  Please type the first name or nickname of the third to last person that you had 

 sexual activity with below. 

  (This does not have to be a real name, but this name will be used to refer  

  to this person for the next series of questions. To help prevent confusion,  

  please use the same name for the same person throughout this   

  interview). 

 

 

23.  Is (partner name) a male or a female? 

  1 = male 

  2 = female 

 

 

24.  How old is (partner name)? 

  IF YOU DON'T KNOW TYPE 99. 
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25.  Please guess the age of  (partner name). 

  1 younger than 18  

  2 18 - 24  

  3 25 - 30  

  4 31 - 35  

  5 36 - 40  

  6 41 - 50 

  7 51 - 60 

  8 61 - 70 

  9 older than 70 

 

 

 

 

26. What is (partner name’s) ethnicity or racial background? (Please select as many 

 as apply)   

 IF YOU DON'T KNOW, PLEASE GUESS. 

  1  Asian  

  2  African American or Black 

  3  Caucasian (white - non Hispanic) 

  4  Hispanic or Latino 

  5  Pacific Islander  

  6  Native American/American Indian/Alaskan Native 

  7  Other 
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Partner types were previously described to the participant as follows: 

UNKNOWN PERSON- someone that you had never met before you had sexual contact  
      and never plan to see again 
 
ONETIME PARTNER- someone you know or could find again, but you had sexual  
      contact with only one time  
 
ACQUAINTANCE- someone you have had sexual contact with more than once, but not  
            on a regular basis, and who you don't socialize with 
 
FRIEND- someone you have had sexual contact with more than once, but not on a  
      regular basis, and you normally socialize with  
 
REGULAR PARTNER- someone who you have sex with on a regular basis 
 
MAIN PARTNER- someone who is your primary sexual partner  
 
TRADE PARTNER- someone who you gave sex to for money or other goods or  
           someone who gave you sex for money or other goods (including  
           any work in adult film or where you were paid to have sex with  
           another person as a job, career or entertainment for someone else) 
 

 

27.  Using the types of sexual contacts that we asked you about previously, how 

would  you describe (partner name)?  

  1 Unknown partner 

  2 Onetime partner 

  3 Acquaintance 

  4 Friend 

  5 Repeat partner 

  6 Main partner 

  7 Trade partner 

  8 Decline 

 

28.  How long ago did you met (partner name)? 

  1 Days 

  2 Weeks 

  3 Months 

  4 Years 
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29.  Where did you first meet (partner name)? 

  1 Park 

  2 Bathhouse 

  3 Circuit party 

  4 Through friends 

  5 Bar or club 

  6 Work or school 

  7 On a business trip or vacation 

  8 Through the Internet 

  9 Other. (Please specify) _________________ 

 

 

 

30.  How long after you met (partner name) did you have sexual activity? 

  1 Minutes  

  2 Hours 

  3 Days 

  4 Weeks  

  5 Months 

  6 Years 

 

 

 

31.  How long ago did you last have sexual activity with (partner name)?  

  IF YOU ARE NOT SURE, PLEASE ESTIMATE. 

  1 Hours 

  2 Days 

  3 Weeks 

  4 Months 

  5 Years 

 

 

 



 

 

292 

 

32.  What types of sexual activity have you had with (partner name)? 

  1  received oral sex using a condom 

  2  received oral sex without a condom 

  3  gave oral sex using a condom 

  4  gave oral sex without a condom 

  5  insertive (you were the top) anal sex using a condom 

  6  insertive (you were the top) anal sex without a condom 

  7  receptive (you were the bottom) anal sex using a condom 

  8  receptive (you were the bottom) anal sex without a condom 

  9  group sex 

  10 other. (please specify) ____________________ 

  11 decline to answer 

 

 

 

 

Original Question (32) 

What types of sexual activity have you had with (partner name)? 

  1  received oral sex using a condom 

  2  received oral sex without a condom 

  3  gave oral sex using a condom 

  4  gave oral sex without a condom 

  5  vaginal sex using a condom 

  6  vaginal sex without a condom 

  7  anal sex using a condom 

  8  anal sex without a condom 

  9  group sex 

  10 other. (please specify)____________________ 

  11 decline to answer 
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33.  What type of drug(s), if any, have you used when having sexual activity with 

 (partner name) ? (Please select all that apply) 

 1 Crystal (glass, meth, amphetamine, methamphetamine, tina, speed) 

 2 Ecstasy (E,X, XTC, MDMA, Adam) 

 3 Poppers (Amyl nitrite, Butyl nitrite) 

 4 Special K (Ketamine, K) 

 5 GHB (liquid Ecstasy, G, Georgia home boy) 

 6 Cocaine (blow, coke, toot, candy, C, charlie, snow, crack) 

 7 Heroin (smack, harry, rock, skag) 

 8 Marijuana (Mary Jane, pot, grass, ganja, dope, joints, cannabis, M) 

 9 Acid (LSD)  

 10 Mushrooms (magic mushrooms, shrooms) 

 11 Oxycontin (roxy) 

 12 Vicodine 

 13 Valium 

 14 Other drugs (please specify)________________________ 

 15 No drugs used 

 

34.   Have you used Viagra, Levitra or Cialis when having sex with (partner name)? 

  1 Used Viagra, Levitra or Cialis only 

  2 Used Viagra, Levitra or Cialis with ritonavir 

  3 Did not use Viagra, Levitra or Cialis 

 

Original Question 

  

Questions 33 and 34 were originally combined with “Viagra, Levitra, or Cialis as part of 

the substance list seen in question #33 

 

 

 

35.  Have you and (partner name) talked about his HIV status? 

  1 Yes 

  2 No 
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36.  Did (partner name) say he was HIV positive or HIV negative? 

  1 Positive 

  2 Negative 

  3 He did not know his status 

  4 He would not tell me his status 

  5 I can't remember 

  6 Other 
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APPENDIX B: 
 

SAN DIEGO AIEDRP FORMS AND RULES 
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A. AIEDRP Eligibility Form 
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B. Estimated Date of Infection Rules 
ESTIMATED DATE OF INFECTION RULES 

 
Estimated Date of Infection - Performed only on subjects 
who satisfy eligibility requirements and applied to 
laboratory data from the first screening visit: 
 
These rules are listed in order of application (i.e. apply rule 
#1 first, then #2, etc) 

1. If HIV EIA negative and HIV RNA >5000 
copies/ml, use date 21 days prior to RNA date. 
Also, #2 on HIV0100 form cannot have a HIV EIA 
positive date and the RNA result must be within 
the first 7 days of HIV EIA negative date. The HIV 
EIA negative date must be on day 0 or up to 7 
days prior. 

2. If HIV EIA positive and WB indeterminate, use the 
date 28 days prior to indeterminate WB. The HIV 
EIA positive and WB indeterminate date must be 
on or after day 0. 

3. If HIV EIA positive and WB positive, but less than 
or equal to 5 bands indicated as positive on WB, 
then use the date 45 days prior to WB date (date 
on WBX0100 form). The HIV EIA positive date 
must be on or up to 365 days prior to baseline 
and WB must be on or after baseline. 

4. If HIV EIA positive and WB positive (i.e. 5 or more 
bands positive) and a detuned EIA (DT-EIA) is 
available within 14 days of the screening HIV EIA 
with DT-EIA test value less than or equal to 1.0 
for the Vironostika OR less than or equal to 1.5 
for the Abbott assay AND the CD4 cell 
percentage is greater than 14% or CD4 absolute 
count is greater than or equal to 200, then use the 
date 85 days prior to the date of the DT-EIA test. 
Both the positive EIA date and WB date can be 
prior to baseline  

5. If none of the above criteria met (ie. HIV EIA 
positive, WB positive with more than 5 bands, and 
DT-EIA greater than 1.0 for Vironostika or 1.5 for 
Abbott asssay [or no DT-EIA ever done]), then 
use the midpoint between the date of the first 
DOCUMENTED positive EIA and the last 
historically documented negative EIA (prior to 
study entry). Also, HIV EIA negative, HIV EIA 
positive and WB must be on or up to 365 days 
prior to day 0. 

Study entry date is the date of first screening for all 
subjects who satisfy inclusion/exclusion criteria.  
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APPENDIX C: 
 

ADDITIONAL TABLES AND FIGURES 
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Figure C -1: Percent of MSM reporting drug use with any of their last three sexual 

partners in manuscript 2 (n=194) 

% Reporting 
Drug Use 

* polydrug use is defined as the use of more than one type of drug 
 
 



 

 

 
 

Table C-1:  Multivariate generalized linear latent and mixed models (GLLAMM) comparing unprotected anal intercourse (UAI) 

and drug use among the last three partners stratified by partner type, manuscript 2 (n=194) 

 Other 

(n=104) 

Main 

(n=88) 

All 

 

 OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Methamphetamine 6.77 2.34, 19.6 0.001 0.85 0.05, 15.8 0.914 3.90 1.92, 7.91 0.001 

Volatile Nitrates 1.99 0.90, 4.42 0.089 0.39 0.02, 9.78 0.564 1.76 0.94, 3.39 0.079 

Marijuana 3.02 1.06, 8.63 0.039 4.05 0.25, 66.2 0.326 2.16 1.02, 4.58 0.045 

Viagra 0.91 0.41, 2.04 0.825 14.5 0.81, 262.0 0.070 0.88 0.43, 1.82 0.734 

Partner’s Age (per year) 0.99 0.96, 1.02 0.441 1.09 0.94, 1.27 0.261 1.00 0.97, 1.03 0.928 

Main Partner   N/A   N/A  2.63 1.39, 4.95 0.003 

Days from Meeting to Sexual Intercourse 

(per day) 

1.88 0.74, 4.73 0.182 15.5 0.62, 389.8 0.095 1.00 0.99, 1.01 0.850 

Partner HIV+ vs. unknown 1.08 0.60, 1.95 0.788 4.52 0.22, 94.2 0.330 2.22 1.03, 4.77 0.042 

Partner HIV- vs. unknown 2.26 1.26, 4.05 0.006 0.44 0.37, 13.9 0.375 1.08 0.66, 1.75 0.763 

Sex occurring before HIV diagnosis 6.77 2.34, 19.6 0.001 0.85 0.05, 15.8 0.914 1.78 1.12, 2.82 0.015 
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* polydrug use is defined as the use of more than one type of drug 
 
 

Figure C -2: Percent of MSM reporting drug use with any of their last three sexual 

partners in manuscript 3 (n=207) 

 



 

 

Table C-2 : Multivariate generalized linear latent and mixed models (GLLAMM) comparing unprotected anal intercourse (UAI) 

and drug use among the last three partners stratified by timing of sexual activity, manuscript 3 (n=207) 

 Before Diagnosis 

(n=) 

After Diagnosis 

(n=) 

All 

 

 OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Substance Used          

      None REF   REF   REF   

      Methamphetamine 9.01 1.66, 48.9 0.01 1.40 0.25, 7.88 0.71 3.87 1.31, 11.4 0.01 

      Other Substances 0.85 0.32, 2.25 0.74 2.27 1.04, 5.00 0.04 1.47 0.83, 2.59 0.19 

      Methamphetamine & Other 6.68 2.23, 20.1 0.001 6.84 2.22, 21.1 0.001 6.34 3.03, 13.3 0.001 

Met Partner in Bathhouse 2.04 0.71, 5.86 0.186 1.72 0.56, 5.27 0.35 1.89 0.94, 3.83 0.08 

Main Partner  2.25 0.83, 6.13 0.112 4.57 2.06, 10.1 0.001 3.45 1.90, 6.26 0.001 

Partner’s HIV status          

       Positive REF   REF   REF   

       Negative 1.03 0.33, 3.22 0.96 0.29 0.10, 0.81 0.02 0.56 0.27, 1.16 0.12 

       Unknown 0.71 0.22, 2.26 0.56 0.26 0.09, 0.75 0.01 0.44 0.21, 0.90 0.02 

Sex occurring after HIV diagnosis  N/A   N/A  0.55 0.35, 0.86 0.01 
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Table C-3 : Participant and partner demographics and sexual history by occurrence of 

UAI in manuscript 2 (n=194 individuals & 572 partnerships) 

Measure UAI Measure   

 No UAI
ŧ
 

% (n) 

mean 

(median)  

UAI† 

% (n) 

mean 

(median)  

 

p-value 

 

 

Total 

Individual characteristics n=31 n=163  n=194 

Age 33.8 (34) 35.3 (37) 0.43 35.0 (35) 

White (vs. all other ethnicity) 61.3 (19) 71.2 (116) 0.27 69.6 (135) 

Education: completed college or greater 38.7 (12) 49.7 (81) 0.26 47.9 (93) 

Unemployed 38.7 (12) 27.6 (45) 0.21 29.4 (57) 

Number of sex partners past 12 months 52.0 (14) 35.6 (22) 0.23 38.2 (20.5) 

Number of sex partners past 3 months 8.4 (3) 9.5 (5) 0.66 9.2 (4) 

Number of sex partners past month 3.4 (2) 3.8 (1) 0.22 3.7 (1) 

 

Partner/ partnership characteristics 

 

No UAI 

% (n) 

mean 

(median)  

n=258 

 

UAI 

% (n) 

mean 

(median)  

n=314 

 

p-value* 

 

Total 

 

 

 

n=572 

Partner’s age 33.1 (33) 33.8 (33) 0.63 33.5 (33) 

Main partner (vs. all other types) 12.4 (32) 23.3 (73) 0.001 18.4 (105) 

Partner’s ethnicity is white 62.8 (162) 62.1 (195) 0.43 62.4 (357) 

Met partner at bathhouse (v. all other locales) 9.3 (24) 15.3 (48) 0.03 12.6 (72) 

Contact with partner occurred after diagnosis 51.6 (133) 42.7 (134) 0.04 46.7 (267) 

Methamphetamine used during intercourse 13.6 (35) 31.9 (100) 0.001 23.6 (135) 

Nitrites used during sexual activity 12.8 (33) 24.8 (78) 0.001 19.4 (111) 

Marijuana used during sexual activity 7.4 (19) 17.8 (56) 0.001 13.1 (75) 

GHB used during sexual activity 3.1 (8) 12.4 (39) 0.001 8.2 (47) 

Partner HIV status     

       Positive 7.8 (20) 14.3 (45) REF 11.4 (65) 

       Negative 39.2 (101) 42.4 (133) 0.10 40.9 (234) 

       Unknown 53.1 (137) 43.3 (136) 0.01 47.7 (273) 

* p-value adjusted for repeated measures using GEE ŧ
 for individual level, no UAI is with any of the last three partners; for partner level, no UAI is with 

that partner 

† for individual level, UAI is with at least one of the last three partners: for partner level, UAI is 

with that partner 
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Table C-4 : Participant and partner demographics and sexual history by occurrence of 

UAI in manuscript 3 (n=207 individuals & 603 partnerships) 

Measure UAI Measure   

 No UAI
ŧ
 

% (n) 

mean (med)  

UAI† 

% (n) 

mean (med)  

 

p-value 

 

 

Total 

Individual characteristics n=33 n=174  n=207 

Age 34.6 (34) 35.0 (35) 0.792 35.0 (35) 

White (vs. all other ethnicity) 60.6 (20) 71.8 (125) 0.196 70.1 (145) 

Education: completed college or greater 39.4 (13) 48.3 (84) 0.349 46.9 (97) 

Unemployed 39.4 (13) 28.7 (50) 0.222 30.4 (63) 

Number of sex partners past 12 months 51.1 (15) 35.6 (21) 0.232 38.0 (20) 

Number of sex partners past 3 months 8.2 (4) 9.4 (5) 0.571 9.2 (4) 

Number of sex partners past month 3.3 (2) 3.7 (1) 0.730 3.6 (1) 

 No UAI 

% (n) 

mean (med)  

UAI 

% (n) 

mean (med)  

 

p-value* 

 

 

Total 

Partner/ partnership characteristics n=269 n=334  n =603 

Partner’s age 32.7 (33) 33.5 (33) 0.49 33.1 (33) 

Main partner (vs. all other types) 12.1 (34) 23.7 (79) 0.001 18.4 (113) 

Partner’s ethnicity is white 62.1 (167) 62.3 (208) 0.53 62.2 (375) 

Met partner at bathhouse (v. all other locales) 8.9 (24) 14.7 (49) 0.04 12.1 (73) 

Contact with partner occurred after diagnosis 52.4 (141) 43.4 (145) 0.04 47.4 (286) 

Methamphetamine used during intercourse 12.5 (35) 32.0 (107) 0.001 23.1 (142) 

Nitrites used during sexual activity 12.8 (36) 26.1 (87) 0.001 20.0 (123) 

Marijuana used during sexual activity 7.5 (21) 17.4 (58) 0.001 12.9 (79) 

GHB used during sexual activity 3.2 (9)  13.5 (45) 0.001 8.8 (54) 

Partner HIV status     

       Positive 8.6 (23) 14.7 (49) REF 11.9 (72) 

       Negative 40.1 (108) 43.7 (146) 0.15 42.2 (254) 

       Unknown 51.3 (138) 41.6 (139) 0.01 45.9 (277) 

* p-value adjusted for repeated measures using GEE ŧ
 for individual level, no UAI is with any of the last three partners; for partner level, no UAI is with 

that partner 

† for individual level, UAI is with at least one of the last three partners: for partner level, UAI is 

with that partner 
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Table C-5 : Participant and partner demographics and sexual history by substance use in 

manuscript 2 (n=194 individuals & 572 partnerships) 

Measure Substance Use Measure   

 No substance 

use
ŧ
 

% (n) 

mean (median) 

Substance 

use† 

 

% (n) 

mean (median) 

 

 

p-

value 

 

 

 

Total 

Individual characteristics n=81 n=113  n=194 

Age 33.9 (33) 35.9 (37) 0.14 35.0(35) 

White (vs. all other ethnicity) 65.4 (53) 72.6 (82) 0.29 69.6 (135) 

Education: completed college or greater 45.7 (37) 49.6 (56) 0.59 47.9 (93) 

Unemployed 23.5 (19) 33.6 (38) 0.13 29.4 (57) 

Number of sex partners past 12 months 35.0 (15) 40.5 (25) 0.59 38.2 

(20.5) 

Number of sex partners past 3 months 6.6 (3) 11.2 (7) 0.01 9.2 (4) 

Number of sex partners past month 2.5 (1) 4.6 (2) 0.02 3.7 (1) 

 No Substance 

use 

% (n) 

mean (median) 

Substance use 

 

% (n) 

mean (median) 

 

 

p-

value* 

 

 

 

Total 

Partner/ partnership characteristics n=320 n=252  n =572 

Partner’s age 32.9 (33) 34.1 (33) 0.12 33.5 (33) 

Main partner (vs. all other types) 20.3 (67) 15.1 (38) 0.86 18.0 (105) 

Partner’s ethnicity is white 60.6 (200) 62.3 (157) 0.70 61.3 (357) 

Met partner at bathhouse (v. all other locales) 7.3 (24) 19.1 (48) 0.02 12.4 (72) 

Contact with partner occurred after diagnosis 44.7 (143) 49.2 (124) 0.84 46.7 (267) 

UAI with partner 47.2 (151) 64.9 (163) 0.001 54.9 (314) 

Partner HIV status     

       Positive 12.5 (40) 9.9 (25) REF 11.4 (65) 

       Negative 44.4 (142) 36.5 (92) 0.44 40.9 (234) 

       Unknown 43.1 (138) 53.6 (135) 0.50 47.7 (273) 

* p-value adjusted for repeated measures using GEE ŧ
 for individual level, no substance use with any of the last three partners; for partner level, no 

substance use is with that partner 

† for individual level, substance use with at least one of the last three partners: for partner level, 

substance use is with that partner 
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Table C-6 : Participant and partner demographics and sexual history by substance use in 

manuscript 3 (n=207 individuals & 603 partnerships) 

Measure Substance Use Measure   

 No substance 

use ŧ  

% (n) 

mean (median) 

Substance use† 

 

% (n) 

mean (median) 

 

 

 

p-value 

 

 

 

Total 

Individual characteristics n=87 n=120  n=207 

Age 34.0 (34) 35.6 (37) 0.20 35.0 (35) 

White (vs. all other ethnicity) 65.5 (57) 73.3 (88) 0.23 70.1 (145) 

Education: completed college or greater 46.0 (40) 47.5 (57) 0.83 46.9 (97) 

Unemployed 25.3 (22) 34.2 (41) 0.71 30.4 (63) 

Number of sex partners past 12 months 34.3 (15) 40.7 (25) 0.51 38.0 (20) 

Number of sex partners past 3 months 6.6 (3) 11.2 (6.5) 0.01 9.2 (4) 

Number of sex partners past month 2.5 (1) 4.5 (2) 0.03 3.6 (1) 

 No Substance 

use 

% (n) 

mean (median) 

Substance use 

 

% (n) 

mean (median) 

 

 

 

p-value* 

 

 

 

Total 

Partner/ partnership characteristics n=338 n=265  n =603 

Partner’s age 32.8 (33) 33.8 (33) 0.21 33.1 (33) 

Main partner (vs. all other types) 21.0 (71) 15.9 (42) 0.96 18.4 (113) 

Partner’s ethnicity is white 61.8 (209) 62.6 (166) 0.86 62.2 (375) 

Met partner at bathhouse (v. all other locales) 7.1 (24) 18.5 (49) 0.02 12.1 (73) 

Contact with partner occurred after diagnosis 42.6 (144) 53.6 (142) 0.34 47.4 (286) 

UAI with partner 48.2 (163) 64.5 (171) 0.001 55.4 (334) 

Partner HIV status     

       Positive 12.7 (43) 10.9 (29) REF 11.9 (72) 

       Negative 45.6 (154) 37.7 (100) 0.40 42.2 (254) 

       Unknown 41.7 (141) 51.3 (136) 0.68 45.9 (277) 

* p-value adjusted for repeated measures using GEE ŧ
 for individual level, no substance use with any of the last three partners; for partner level, no 

substance use is with that partner 

† for individual level, substance use with at least one of the last three partners: for partner level, 

substance use is with that partner 

 


