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Abstract
HIV Prevention Research for Men Who Have Sex with Men: Meta-Analysis, Intraclass
Correlation, and Transformation Between Count and Dichotomous Outcomes
By Wayne D. Johnson, Jr.

This dissertation describes three methodological and content-based studies related
to meta-analysis of HIV prevention research for men who have sex with men (MSM).
First, we compared ANOV A models for individually- and group-randomized trials to
derive the factors necessary to account for intraclass correlation (ICC) in three classic
designs. For the simplest design, the factor is (n —1)VIF / (n—VIF) where n is the number
of participants per condition, and VIF is the variance inflation factor 1+(m—1)ICC.
Simulations confirmed our correction factors for both additive and multiplicative models.

Second, we used regression and the method of moments to identify candidate
formulas for transformation between proportions (summarizing dichotomous data), and
means and variances (summarizing count data). Best empirical results were obtained
from regression models predicting the proportions as a function of the mean and variance
(and vice versa), or by the method of moments assuming a negative binomial distribution.

Third, we applied these results in a meta-analysis of behavioral HIV prevention
for MSM. We found 54 interventions with 16,224 participants. The 38 interventions that
were compared to minimal or no HIV prevention controls reduced unprotected sex by
27% (95% confidence interval [CI] = 15% to 37%). The other 16 interventions reduced
unprotected sex by 17% compared to standard or other HIV prevention interventions (CI
= 5% to 27%). Our methodological work permitted a robust conclusion that behavioral

prevention reduces self-reported unprotected sex among MSM.
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1. Overview

The condition that came to be known as Acquired Immune Deficiency Syndrome
(AIDS) was initially recognized in 1981 when clusters of Pneumocystis pneumonia (CDC
1981a), Kaposi’s sarcoma (CDC 1981b), and other opportunistic infections (Gottlieb
1981) were identified among previously healthy gay men in Los Angeles and New York
City. Laboratory tests revealed a common mechanism of profound cellular immune
dysfunction (Masur 1981).

Before a cause was identified, the epidemiological similarities to hepatitis B led
researchers and gay men to suspect a viral agent transmissible by blood and semen
(Francis 1983). Within 2 years of recognition of the condition, CDC published
recommendations to reduce anal sex without condoms and number of sex partners (CDC
1983). Ethnographic network mapping revealed that some 40 of the first 100 known cases
were included in a network of sexual contacts among men whose residences ranged from
New York to California to Texas and Florida (Auerbach 1984). Identification of the virus
that came to be known as Human Immunodeficiency Virus (HIV) was announced almost
simultaneously by laboratories in Paris (Barré-Sinoussi 1983), Bethesda (Gallo 1983),
and San Francisco (Levy 1984).

Now approaching the fourth decade of the epidemic, a vaccine remains elusive,
treatments are expensive, have debilitating side effects and do not cure, and men who
have sex with men (MSM) continue to account for the largest proportion of new
infections in the United States and much of the industrialized world. Behavioral
prevention remains critical to the effort to minimize transmission.

Effects of behavioral interventions to reduce risk of sexual transmission of HIV



among MSM have been evaluated in several randomized trials and strong quasi-
experimental studies. There is a need to optimize the usefulness and interpretability of
these results through quantitative synthesis. Substantive questions to be addressed relate
to the overall effectiveness of interventions, and how effects differ according to
characteristics of interventions, populations, and research methods.

Several methodological challenges must also be addressed in order to combine
and compare data across a broad range of study designs, interventions, and populations.
Critical among these are accounting for the unit of assignment to treatment status in
community-level studies and transformation between count and dichotomous outcomes.

This dissertation addresses methodological and content issues regarding
summary, stratified, and regression analyses of effects of HIV prevention interventions
for MSM. The Background chapter examines the state of the epidemic, previous reviews,
and methodological concerns. The Objectives chapter identifies three issues of content
and methodology that have been raised and not yet answered by the current literature.
The Methods chapter describes epidemiological, statistical, and behavioral science-based
procedures for addressing the three issues identified in the Objectives chapter. The
Results chapter gives a brief overview of the findings of three studies. Manuscripts
reporting the studies themselves are provided as appendices at the end of the dissertation
as described below.

After the Results section, the Discussion draws conclusions from the three studies
taken together, discusses strengths and limitations that may not be addressed in the
individual studies, and describes an agenda for further research. A chapter of References

is then presented which includes the citations from all previous chapters as well as the



two methodological manuscripts and the published journal article.

Finally the research studies themselves are presented as appendices. Each study
contains detailed methods, results, and conclusions. The two methodological studies are
presented in a form compatible with submission to a scientific journal. Those two studies
are titled “Correcting the Variance of the Intervention Effect in Group-Randomized
Trials When Only the Variance Appropriate to an Individually-Randomized Trial Is
Available” (included as Appendix A) and “Transformation Between Count and
Dichotomous Outcomes for Meta-Analysis: Estimating Risk Ratios from Means and Rate
Ratios from Proportions” (included as Appendix B).

The meta-analysis itself has already been published and is titled “HIV
Intervention Research for Men Who Have Sex with Men: a 7-Year Update,” which is
included as Appendix C. This work has also subsequently been updated and re-formatted
as a Cochrane Review, which is included as Appendix D and titled “Behavioral
Interventions to Reduce Risk for Sexual Transmission of HIV Among Men Who Have
Sex with Men.” Both the journal article and the Cochrane Review are included with

permission as appendices at the end of this dissertation.



2. Background

This chapter includes first a review of literature about the epidemiology and
prevention of HIV/AIDS, followed by reviews of the literature motivating each of the
three papers that constitute the results section of this dissertation.

2.1 Epidemiology and Prevention of HIV/AIDS

Three laboratories almost simultaneously reported identification of the virus that
came to be known as HIV (Barré-Sinoussi 1983, Gallo 1983, Levy 1984). The agent was
a retrovirus, encoded as RNA and capable of reverse coding itself as DNA into the host
genome. Retroviruses in humans were rare, although two that caused leukemia had been
identified in the Caribbean and southern Japan and had similar transmission patterns. The
etiologic agent was thus recognized as either a truly new pathogen or one that was
emerging from a previously isolated environmental or geographic base. Retroviruses
have coevolved with several species including primates, horses, sheep, and cats.
Molecular epidemiology now suggests that HIV entered human populations from other
primates on several different occasions, sometimes from slaughter and consumption of
primates as food. Retroviruses from chimpanzees apparently evolved within humans into
the various clades of HIV-1 (Gao 1999), and others from sooty mangabees to become
HIV-2 (Clavel 1986), a similar but somewhat less aggressive virus that is so far still
generally limited to West Africa.

A blood test for antibodies to HIV became available in 1985 (Sarngadharan 1984)
introducing new opportunities for screening donated blood, public health surveillance,
more sensitive outcomes in epidemiological studies (HIV infection rather than AIDS),

and voluntary testing and counseling of people who considered themselves at risk. With



this opportunity came bad news: Infection rates were vastly greater than had been
imagined, with perhaps 100 times as many infected as symptomatic. Even worse news
followed: Progression to disease appeared to approach 100% among those infected (Lui
1988). The time from infection to symptoms of AIDS was estimated at 7.8 years, 95% CI
4.2 to 15 years. Hopes for quick development of a vaccine evaporated when genetic
analysis revealed that HIV mutations within a single infected person rivaled the annual
global diversity of influenza A (Korber 2001).
2.1.1 Biology of HIV infection

In initial infection, Langerhans or dendritic cells perform their normal role in the
immune response by carrying HIV to T cells that carry the CD4 molecule, a gateway for
HIV’s entry to the cell (Dalgleish 1984, Klatzmann 1984). The T cells then carry the
virus to lymphoid tissue, again the normal function where antigens are processed for
mounting an immune response. But immune activation induces massive HIV replication
mediated by cytokines and aberrant cell signaling due to an interaction between the viral
envelope and cellular receptors (Kinter 2000). The immune system is caught in a cycle of
partial viral control and accelerated viral replication, leading to depletion of the CD4+ T
cell population and eventual destruction of the immune system (Fauci 1996, Fauci 2003).

Along with the CD4 receptor, the CCR5 chemokine coreceptor is also critical to
initial uptake of the virus; people who are homozygous for a deletion in the gene that
produces this molecule (e.g., about 1% of white populations) are extremely resistant to
HIV infection, while heterozygotes show some resistance and delayed disease
progression (Paxton 1998, O’Brien 2000). Initial infection apparently requires CCR5 to

transfer a non-syncytium inducing (“R5”) form of the virus (D’Souza 1996). Within the



infected person, a new subset of syncytium-inducing (“X4”) virus then evolves that relies
on the CXCR4 chemokine for transfer between cells (Scarlatti 1997).

Examination of highly exposed but persistently seronegative (HEPS) female sex
workers in Kenya (Rowland-Jones 1998) and northern Thailand (Sriwanantha 2001)
demonstrated other mechanisms of resistance to infection that were not related to CCR5.
In northern Thailand, the infectibility of CD4+ cells, the suppressive capacity of CD8+
cells, and production of B-chemokines did not differ from those of non-HIV-exposed
individuals. Instead, the distinctive property of blood samples from HEPS individuals
was production of a soluble activity that suppressed post-integrated HIV-1 replication
(Butera 2001). This activity was produced only when monocytes and CD4+ T cells were
cultured together, suggesting that the protection these women experience is due to
restriction of HIV transfer from infected macrophages to CD4+ cells. In Kenya, CD8+ T-
cell responses were observed but no serum antibodies. Some sex workers became
susceptible after leaving the trade, suggesting that continuous exposure is necessary for
immune protection (Kaul 2001).

2.1.2 Medical treatment and prevention efforts

A new era of treatment for AIDS and HIV disease was introduced with the
availability of highly active antiretroviral therapies (ART or HAART) (Fauci 2003).
These approaches attack various targets in the viral replication cycle, from reverse
transcriptase inhibitors (e.g., AZT) to protease inhibitors (Flexner 1998) to the most
recent class of virus-cell fusion inhibitors (Burton 2003). Combinations of these therapies
lead to remarkable clinical improvement and reductions of plasma viral loads to

undetectable levels. But even after 3 years of such treatment, viral levels rebound from



reservoirs in certain components of the immune system if therapy is not maintained
(Chun 1999).

Effective vaccines remain elusive (McMichael 2003). Even with full-blown
chronic infection, the humoral and cell-mediated immune responses are only partly
successful in controlling viral replication, so a natural model for true immunity is lacking.
Superinfection of HIV-infected but otherwise healthy people apparently does occur,
although it is not clear how often (Atfeld 2002, Goulder 2002), suggesting that a single
vaccination followed by sterilizing immunity (as with smallpox or measles) may be
difficult to achieve.

2.1.3 Risk of transmission through sexual contact

Early in the epidemic, receptive anal intercourse without a condom was identified
as the riskiest sexual activity for MSM (Darrow 1987). Two-thirds (240) of 492 MSM
who had been enrolled in 1978-80 in studies of hepatitis B in San Francisco had
seroconverted for HIV by 1985. The strongest risk factors for infection were receptive
anal intercourse with ejaculation by nonsteady partners, many sexual partners per month,
and other indicators of high levels of sexual activity. The vast majority (95%) reported
engaging in receptive anal intercourse since joining the cohort; 69% of these men
subsequently became infected. In contrast, of the 18 men who had not had receptive anal
intercourse, only 4 (22%) seroconverted (odds ratio = 7.9, 95% CI = 2.5-24.6). A clear
dose-response was also evident: compared to a 29% seroconversion rate among those
who reported no anal exposure to ejaculate from nonsteady partners, infections occurred
in 53% of those who reported exposures to a few such partners (<1 per month) (OR =

2.8), 78% of those reporting 1-2 such partners per month (OR = 8.5), and 85% of those



reporting 3 or more such partners per month (OR = 13.6). The overall number of male
partners and events of bleeding during or immediately after intercourse were also
associated with seroconversion, but other sexual activities were not strongly predictive
after accounting for receptive anal intercourse.

In the Multicenter AIDS Cohort Study, 95 (3.8%) of 2507 initially HIV-negative
MSM seroconverted during six months follow-up (Kingsley 1987). The only significant
risk factor for new HIV infection was receptive anal intercourse, with a risk ratio of 3 for
one partner and 18 for five or more partners.

More recently the risk of HIV transmission per episode of unprotected receptive
anal intercourse (URA) has been estimated as 0.82% (95% CI, 0.24% to 2.76%) when the
partner was known to be HIV+ and 0.27% (95% CI, 0.06% to 0.49%) when partners of
positive or unknown status were included (Vittinghoff 1999). But this risk was strongly
heterogeneous: Nine men became infected after only one or two episodes of URA with
HIV+ or unknown serostatus partners. This prospective cohort study of 2,189 high-risk
homosexual and bisexual men was conducted in San Francisco, Denver, and Chicago in
1992-1994. The risk of infection through other sexual activities with HIVV+ or unknown
serostatus was estimated to be much lower: 0.06% (95% CI, 0.02% to 0.19%) per contact
for unprotected insertive anal intercourse and 0.04% (95% CI, 0.01% to 0.17%) per
contact for unprotected receptive oral sex to ejaculation.

One factor implicated in heterogeneity of risk is variation of infectiousness of
infected partners. Mathematical models of the early epidemic in San Francisco suggested
that the risk of infection from a single episode of unprotected receptive anal intercourse

with a recently infected partner might be as high as 50%, while the risk with a partner in



the long asymptomatic phase was on the order of 1 in 1000 to 1 in 10,000 (Jacquez 1994,
Koopman 1997). Such figures might suggest a prevention model based on reducing the
rate of new partner acquisition. If upon infection, whether the event is recognized or not,
a participant has sex with no other partners until the highly infectious phase is past (e.g.,
six weeks), then the risk of his subsequently transmitting HIV to a new partner is greatly
diminished. At the community level, the reproductive rate (the Ry) for new infections
would fall below one, and the epidemic would end. However this may not be the typical
pattern of human sexual activity. It could also be considered a drawback of such an
approach that the benefit of reduced risk accrues not directly to those who comply but to
their partners. While the risk of transmission through unprotected anal intercourse from
an infected insertive partner to an uninfected receptive partner is less than 1%, the risk to
the receptive partner is extremely heterogeneous, with almost a quarter of infections
occurring with only a single exposure (Vittinghoff 1999).

A meta-analysis revealed that risk behavior typically decreases substantially after
receipt of a positive HIV test; however risk behavior increases slightly after a negative
result (Weinhart 1999). Although risk behavior decreases after receipt of a positive HIV
test, it does not cease. In a US cohort of 66 MSM, 39% reported insertive UAI with an
HIV-negative or unknown serostatus partner in the 6-month study period during which
their seroconversion occurred. This proportion dropped to 2% during the first month after
their first HIV-positive test, but rose again to 13% by nine months (Colfax 2002).

Mathematical modeling of partnership formation among young MSM in
Amsterdam suggests that a surprisingly high proportion - 86% - of HIV transmission

occurs within steady rather than casual partnerships (Xiridou 2003). Assuming that



10

highly active retroviral therapy (HAART) will dramatically reduce transmission by 75-
99%, the authors recommend promotion of HIV testing (increasing coverage from 42%
to 80%) and HAART administration (increasing from 70% to 85%) as prevention
strategies.

Research suggests that disclosure is the norm, but 16% of HIV-seropositive gay
or bisexual men reported unprotected sex without disclosure, and 3.2% reported insertive
sex to ejaculation without disclosure in the 6 months prior to interview (Ciccarone 2003).
In many circumstances, HIV-infected men may be assuming that their partners are also
already infected, and this assumption may often be incorrect.

2.1.4 MSM still at high risk for HIV and STD transmission

Men who have sex with men (MSM) still constitute the largest group of new
AIDS cases each year in much of the developed world. In the United States for example,
among those for whom a risk category was identified, MSM (including MSM who inject
drugs) accounted for 50% of people newly diagnosed with AIDS in 2001, and 64% of
new diagnoses among men (CDC 2001a). This high representation of MSM was evident
among all racial and ethnic groups, ranging from 51% of new diagnoses among African
American men to 81% among white men. This high proportion of cases is borne by a
group believed to constitute only 2% to 10% of the adult male population (Kinsey 1948,
Binson 1995).

In the states with confidential HIV reporting, MSM accounted for 52% of all
persons and 71% of men with newly reported HIV infections for whom an exposure
category was reported in 2001 (CDC 2001b). These percentages are essentially the same

as the cumulative proportions for the entire epidemic (53% and 71% respectively). Back-
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calculation methods indicate not only that the majority (53%) of all new HIV infections
in the United States in 2006 were among MSM, but also that the rate of new infections is
increasing among MSM while decreasing among injection drug users and high risk
heterosexuals (Hall 2008).

Increases in rates of unprotected anal intercourse (UAI) among gay men have
been reported in large urban centers. In a longitudinal study, the proportion of gay men in
San Francisco reporting UAI nearly doubled (from 20% to 39%), with the most dramatic
increases among men 26-29 years old (Ekstrand 1999). The self-reported increases in
UAI have been validated by observed increases in the rates of rectal gonorrhea in this
population (CDC 1999). The San Francisco Department of Health has also reported
increases in the estimated incidence of HIV infection among MSM between 1997 and
1999 (McFarland 1999).

By the mid-1990s, unprotected anal intercourse with nonprimary partners was
uncommon among MSM in West Hollywood, California (Crepaz 2000). But the
prevalence of UAI with primary partners was greater than with nonprimary partners, and
was most prevalent among men younger than 25 years of age. Thus young MSM may be
at risk for HIV through their sexual risk behavior with primary partners.

But the turn of the century has seen substantial increases in STDs including
syphilis, gonorrhea, and herpes simplex virus type 2 among MSM, suggesting that new
increases in HIV incidence may be forthcoming (Wolitski 2001). Challenges in
addressing this next wave of infections include the tedium of consistent condom use, new
cultural and technological milieus through which HIV may spread but for which

behavioral interventions have not been developed or tested, lethargy in biomedical
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prevention while treatment is emphasized, and cultural failure to address stigmatized
topics including morality, mortality, drug use, and sex, particularly between men (Gross
2003D).

2.1.5 HIV prevention needs among MSM

Behavioral strategies that MSM have used to reduce risk in the past may need
reinforcement or refinement, particularly among groups where HIV prevalence and risk
behavior remain high, such as young MSM and MSM of color (Valleroy 2000, Jones
2008). Significant challenges in vaccine development add to the urgency of identifying
and promoting effective behavioral intervention strategies (Stott 1999, Lancet Editorial
2000). Recent increases in sexual risk behavior and HIV transmission demand a closer
look at the available data regarding effective behavioral interventions for MSM.

MSM are confronted with the AIDS epidemic as one of numerous health and
social issues including violence, depression, suicide, drug and alcohol addiction, and
social stigma (Paul 2002, Gross 2003a). Interactions among these problems may have a
syndemic effect, each exacerbating the others (Stall 2003).

In the United States, black MSM have been disproportionately affected by
HIV/AIDS (CDC 2001c). The higher infection rates are not explained by higher reported
rates of unprotected sex, but may be due to underreporting of risk behavior, increased
prevalence of HIV among sexual contacts, increased infectiousness of sexual partners due
to coinfection with other STI, or increased susceptibility (Malebranche 2003).

Baseline data from the EXPLORE study, an intervention project currently
underway, indicate that among 4295 HIV-negative MSM in 6 US cities, 48% reported

unprotected receptive anal sex and 55% reported unprotected insertive anal sex in the
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previous 6 months (Koblin 2003). Almost 13% reported having had a specific STD in the
6 months before they enrolled in the study. Men with one primary partner and men with
multiple partners were slightly more likely to report unprotected sex than men with one
nonprimary partner. Unprotected sex was more common with drug and alcohol use.

While MSM are at high risk and account for a large proportion of new HIV
infections each year, prevention funding for program and research efforts directed toward
this group have been less than proportional. The Centers for Disease Control and
Prevention observe that only 15% of federal AIDS prevention resources explicitly target
this population (Valdiserri 2002).

2.1.6 Related risk factors

In Calgary, Alberta, MSM who contracted syphilis were more likely to be older,
to be coinfected with HIV, and to report heavy alcohol use (versus injection drug use)
than heterosexuals with syphilis (Jayaraman 2003). These MSM most often used the
Internet and bars or bathhouses to meet sexual partners.

Transgendered people with or without sexual reassignment may be at elevated
risk if their sexual partners are at risk. This group faces many additional challenges and
should not be neglected in HIV prevention efforts (Fee 2003).

Women who have sex with women may also be at risk, largely due to elevated
risk among men whom they also have sex with, or among people they share drugs with
(Friedman 2003). They may be more likely to have sex with or share needles with MSM
or to have been institutionalized or homeless.

2.1.7 Condoms for HIV prevention

In 2000, the National Institute of Allergy and Infectious Diseases (NIAID)
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convened a workshop to answer the question: “What is the scientific evidence on the
effectiveness of latex male condom use to prevent STD transmission during vaginal
intercourse?” (NIAID 2001). STDs considered included HIV infection, gonorrhea and
chlamydia (including pelvic inflammatory disease), syphilis, chancroid, trichomoniasis,
genital herpes, and genital human papillomavirus (HPV) infection and associated
diseases (cervical dysplasia, cervical cancer, and genital warts). The panel found the
published literature to be inadequate to definitively answer the broad question regarding
STDs in general, mainly because few studies employed the optimal prospective design to
assess the effectiveness of condoms in preventing infection.

However the panel did conclude, based on a meta-analysis (Davis and Weller
1999) of published studies that the strongest published data documenting effectiveness of
the male condom were for prevention of HIV transmission. In that meta-analysis, 12
cohort samples of serodiscordant heterosexual couples yielded a consistent HIV
incidence of 0.9 per 100 person-years (95% CI, 0.4 to 1.8) among those who always used
condoms. This value was compared to 6.8 per 100 person-years (95% CI, 4.4 to 10.1) for
male-to-female transmission and 5.9 per 100 person-years for female-to-male
transmission in 11 cohort samples of those who never used condoms. (No estimate was
available concerning male-to-male transmission.) The overall protection afforded by
condoms was estimated as 87%, with a range from 60% to 96% depending on the
incidence among condom non-users.

Regardless of sexual orientation, 18% (95% ClI, 16% to 19%) of sexually active
adults in the United States report using a condom at last intercourse with partners in an

ongoing sexual relationship, and 43% (95% CI, 36% to 49%) with other sexual partners
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(Anderson 2003). Outside of ongoing relationships, condom use at last intercourse was
more common among those who were not married (56%), those with 2 or more partners
in the past year (61%), and those reporting sex with a stranger (65%). No increase across
time was observed from 1996 to 2000.

In a study in Alabama, 1996-1999, sexually active African American adolescent
females were recruited from medical clinics and high schools to examine the effect of
condoms on preventing infection with chlamydia, gonorrhea, or trichomonas (Crosby
2003). Among those who reported using condoms every time they had sex, 17.8% tested
positive for one of these infections at 6-month follow-up, compared to 30.0% among
those who reported less than 100% condom use, a 40.7% reduction. The difference did
not appear to be attributable to number of partners or frequency of intercourse.

Several follow-up and case-control studies among female sex workers (FSW) in
Southeast Asia indicate high efficacy of consistent condom use in reducing risk of HIV
transmission. In a follow-up study in Thailand, HIV incidence was reduced by 92%
among FSW who reported using condoms every time they had sex with clients (1.8% per
year) vs. others (23.8% per year) (Kilmarx 1998). Another follow-up study of STD
incidence examined pharyngeal gonorrhea among FSW in Singapore (Wong 1999).
Those who reported inconsistent condom use for oral sex were 17 times more likely than
consistent condom users to develop pharyngeal gonorrhea during 6 months follow-up.
Only 2.6% of FSW who always used condoms for oral sex contracted pharyngeal
gonorrhea during the study period compared to 11.7% of others, a 78% reduction in risk.

Finally in Southeast Asia, policy interventions have also shown favorable effects

on HIV prevention. In Thailand, the 100% Condom Program was an administrative
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requirement beginning in about 1990 that condoms be used for all sex in commercial sex
environments, plus a mass advertising campaign. According to national surveillance,
STD cases (which were already decreasing) among men at government clinics decreased
by 86% from 1989 to 1994 (Rojanapithayakorn 1996). HIV incidence decreased from 4%
to 2.7% among new army conscripts. HIV prevalence came to a plateau of about 30%
among “direct” FSW (those whose primary work activity is to sell sex) and 10% among
“indirect” (those who sell sex as a secondary activity in conjunction with waitressing,
bartending, etc), and condom use for commercial sex increased from less than 20% to
about 95%. During the same years, the number of registered FSW decreased by 23%, and
the proportion of FSW who worked directly decreased from 57% to 33% (Hanenberg
1998). Men began to patronize sexual services less frequently, prices rose, and a higher
proportion of FSW came from outside Thailand.

Less information is available concerning the effectiveness of condoms for
preventing HIV transmission in sex between men. In a mathematical model, condom use
for receptive anal sex reduced HIV transmission by only one-third, from a risk of 0.27%
to 0.18% per contact with HIV+ or unknown serostatus partners (Vittinghoff 1999). The
authors note that reported condom failure explained much of the remaining risk, that the
receptive partner may sometimes not be aware of condom failure, and that respondents
may sometimes report unprotected episodes as protected due to stigmatization. Other
explanations for these infections may include mistaken perceptions that partners were
HIV-negative (episodes with partners perceived to be negative were excluded from the
model) or unusually long time from infection to seroconversion (with higher risk

behavior occurring before the 6-month recall period). Three of the 52 men who
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seroconverted during the study reported sex only with men believed to be HIV-negative,
so some misclassification appears likely, whether of behaviors, partners’ serostatus, or
timing of infection.

Breakage and slippage have been identified as reasons for condom failure. A
randomized controlled trial revealed no significant difference in failure rates for thicker
condoms (2.3% breakage or slippage) versus standard (2.5%) when used by male couples
(Golombok 2001).

2.1.8 Alternatives to use of male condoms

The effectiveness of alternatives to use of male condoms also appears to have
been more thoroughly studied in high-risk heterosexual populations than among MSM.
Female condoms were found to be a highly effective alternative to male condoms in an
RCT among FSW in Thailand (Fontanet 1998). While condom use was very high in both
groups, the proportion of acts for which condoms were not used (2.1%) among FSW
assigned to use female condoms when their clients refused male condoms was 22% lower
than in the group assigned to use only male condoms (2.7%). Parallel to the difference in
behavior, STD incidence was 24% lower in the group who had the option of using female
condoms than in those restricted to male condoms.

A case-control study showed that exposures due to condom breakage or slippage
were less common when clients of FSW wore two or more condoms, one inside another
(Rugpao 1997). Condoms broke in 1.8% of sex acts where only a single condom was
used, compared to 0.2% of acts with 2 condoms and none with 3 or more condoms. The
practice appeared to be quite common, being reported for just over 50% of sex acts, and

was credited for a decrease in breakage reports from 6% in 1992 to 1% in 1995.
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Use of microbicidal gels containing nonoxynol-9 was found to be ineffective in
reducing HIV-1 infection among FSW in Africa and Southeast Asia, where 59 (16%) of
376 women randomly assigned to use nonoxynol-9 became infected, compared to 45
(12%) of 389 placebo users (Van Damme 2002). In a case-control study (Fihn 1996),
urinary tract infections were 3 times more common among women whose partners used
spermicide-coated condoms than among women whose partners did not use condoms.
Authors of both studies speculated that the spermicide may irritate exposed vaginal or
cervical mucosa, thus increasing risk of HIV or STD transmission.

Mixed results have been obtained in trials of enhanced treatment for STDs as an
approach for HIV prevention in developing countries (Wasserheit 1992). In Mwanza,
Tanzania, improved syndromic treatment of STDs plus a behavioral intervention
targeting condom use and prompt treatment of STD symptoms led to 58% fewer HIV
infections in six intervention communities than in six matched comparison communities
(Grosskurth 1995). However a substantial proportion of the difference in incidence
appears to be attributable to baseline differences in prevalence among the 12
communities. The impact of behavior change in response to the behavioral aspect of the
intervention was also not addressed.

In Rakai, Uganda, a second major trial took STD treatment a step further:
Treatments for several STDs (gonorrhea, chlamydia, syphilis, trichomoniasis, bacterial
vaginosis) were administered to all consenting adults in treatment communities (Wawer
1999). Treatments were directly observed and were delivered door to door. Presumptive
mass treatment was considered justified because of the general high prevalence of STDs.

Participants in control communities received vitamins and anti-helminthics. This study
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found no difference in HIV incidence between STD intervention and control
communities. Subsequent mathematical modeling suggests that sexual risk reduction
associated with restored civil stability may have been the critical factor in reducing
Uganda’s HIV epidemic, which had once been among the most severe in Africa
(Korenromp 2002).

2.1.9 Risk factors for progression to HIV disease and AIDS

Numerous behavioral and biologic factors have been noted as potential cofactors
of progression from asymptomatic HIV infection to more active HIV disease including
AIDS or to death. In a San Francisco cohort of 370 MSM with well-characterized
seroconversion dates, decreased survival time was most strongly associated with weekly
hallucinogen use (relative hazard (RH) = 2.6, 95% CI=1.6 to 4.3) and receptive anal
intercourse with ejaculation (RH = 1.45, 95% CI = 1.02 to 2.04) (Vittinghoff 2001).
Progression to AIDS diagnosis was associated with the same variables (RH for weekly
hallucinogen use = 2.59, 95% CI1=1.56 to 4.28) (RH for receptive anal intercourse with
ejaculation = 1.4, 95% CI1 = 1.0 to 2.0) as well as with weekly cocaine use (RH = 1.5,
95% CI = 1.1 to 2.1). No association was found with age at seroconversion; use of other
drugs, alcohol, or tobacco; post-seroconversion STDs including gonorrhea, syphilis, or
HBV infection; or other sexual practices.

Some genetic characteristics appear to be associated with improved survival time.
HLA-B (human lymphocyte antigen type B) alleles can be divided into two mutually
exclusive groups based on the expression of the molecular HLA-Bw4 and HLA-Bw6
epitopes. Homozygosity for HLA-Bw4 is associated with profound suppression of HIV-1

viremia, maintenance of normal CD4 T-cell count, and delayed time to AIDS symptoms
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(Flores-Villanueva 2001). A deletion allele of the CCR5 (or CKR5) structural gene also
results in reduced host infectibility (Smith 1997, Dean 1996).
2.1.10 Correlates of sexual risk

At the Pittsburgh site of the Multicenter AIDS Cohort Study (MACS) in the late
1980s, HIV positive MSM were somewhat less likely to have engaged in high-risk sexual
activity, particularly unprotected insertive anal sex, within the past 6 months than HIV-
negative MSM (Robins 1997). Regardless of serostatus, MSM reporting unprotected
insertive anal sex were younger, less educated, had less psychological distress and greater
feelings of mastery, employed fewer behavioral coping strategies, drank more alcohol
and used more amyl nitrate (poppers).

Gay-identified men in Chicago were more likely than bisexual men to engage in
receptive sex, including unprotected anal sex (Stokes 1997). Gay men were more likely
to have had a steady male partner or lover, but total number of partners did not differ
significantly between the two groups. Bisexual men were more self-homophobic and saw
other people as less accepting of same-sex activity. Thus different intervention strategies
may be necessary for non-gay identified MSM.

In six US cities, 1999-2001, unprotected anal sex (both receptive and insertive)
with HIV-positive and status-unknown partners correlated with enjoyment of unprotected
receptive anal sex and with low scores for self-efficacy for safer sex, communication
skills, and social norms (Chesney 2003). These psychosocial correlates of risk may be
useful for intervention development.

Condoms must be available if they are to be used. In Massachusetts, the Board of

Education recommended in 1991 that school districts consider providing condoms in
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secondary schools; 10% of school districts with high schools decided to provide condoms
(Blake 2003). Instruction in prevention of HIV, STD, and pregnancy was generally
enhanced along with provision of condoms. In 1995, the proportion of students who had
ever had sexual intercourse was reduced by 14% in districts that provided condoms
compared to other districts (42% vs. 49%); among those who were sexually active, the
proportion who did not use condoms during their most recent sexual intercourse was
reduced by 36% (28% vs. 44%). Thus provision of condoms and risk reduction programs

promoted condom use among high school students without increasing sexual activity.
2.2 Previous reviews of HIV prevention for MSM

Given the urgency of HIV prevention for MSM, rigorous evaluations of the
effects of interventions for MSM were at first slow to accumulate. Until the late 1980s,
the most pertinent information concerning risk reduction was obtained from longitudinal
surveys (Stall 1988) rather than from controlled trials of interventions. Those studies
demonstrated that, despite profound behavioral risk reduction resulting from formal and
informal intervention efforts, many MSM continued to be at substantial risk for HIV
transmission. However none of these interventions were being tested against comparison
conditions. (Some researchers distinguish between two terms to refer to the non-
experimental groups: “control” in studies with random assignment, and “comparison” in
studies with non-random assignment. For simplicity we will henceforth refer to “control
or comparison” groups as “comparison” groups.) Since then, several reviews have
identified studies of HIV prevention interventions and suggested hypotheses to explain
variations in effectiveness.

In 1991, Peterson, Ostrow, and McKirnan (Peterson 1991) identified five studies



22

of HIV prevention for MSM; two of these evaluated experimental interventions against
comparison conditions. Kelly (1989) found less unprotected sex and more condom use
for anal sex after a 12-session small group intervention offering AIDS information, skills
training, and motivation. After a skills and information intervention (compared to
information only), Valdiserri and colleagues (1989) found an increase in number of
partners with whom condoms were used during insertive (but not receptive) anal sex.

In 1992, Fisher and Fisher (Fisher 1992) identified 48 studies of interventions
involving psychological and/or educational elements designed to modify an outcome
relevant to AIDS-risk reduction and subjected to formal statistical evaluation. Thirteen
(27%) of these focused on MSM, three of which evaluated interventions against
comparison conditions. In addition to the Kelly and Valdiserri studies cited above, Coates
(1989) found a reduction in number of sex partners among HIV-positive men after a
stress reduction program. The reviewers concluded that interventions were more likely to
reduce risk behavior if they provided not only information about AIDS transmission, but
also the motivation to change risky behavior and particularly the skills to apply risk-
reduction strategies.

Hays & Peterson (1994) identified eight studies evaluating certain aspects of HIV
prevention for gay and bisexual men in metropolitan cities. Only two of these measured
changes in HIV risk behavior in experimental intervention conditions vs. comparison,
control, or other intervention conditions. In addition to the Valdiserri study noted above,
this review described the Mpowerment study, outcomes of which were later to be
published by Kegeles, Hays, and Coates, 1996. After conducting a peer-led community-

level program including outreach, small groups, and a publicity campaign, this study



23

found decreases in the proportion of young men reporting unprotected anal intercourse
both with boyfriends and with nonprimary partners.

In 1994, Choi and Coates (Choi 1994) undertook a comprehensive critical review
in which they identified 77 scientific reports on HIV prevention studies. Only 10 (13%)
of these, six of which included comparison groups, focused on MSM. In addition to the
three studies published in 1989, and preliminary reports concerning the Mpowerment
study as described above, Choi and Coates identified Kelly 1992, and a preliminary
report concerning Kelly 1997, in both of which gay men in communities receiving bar-
based opinion-leader interventions reported reductions in unprotected anal sex contrasted
against gay men in communities not receiving the intervention. The reviewers concluded
that small groups and community interventions can produce at least short-term change
and that brief skills training can maintain change. The authors pointed out that no studies
had yet presented outcome data specific to MSM who are young, who are not white, or
who do not identify themselves as gay.

In 1995, Holtgrave et al. (Holtgrave 1995) observed that HIV prevention
programs can reduce risk behavior if they have “sufficient resources, intensity, and
cultural competency and are based on behavioral and social science theory and past
research.” There were too few intervention studies available at the time to perform a
quantitative review, but their identification of characteristics of effective interventions led
to several testable hypotheses regarding intervention components, target populations, and
research design that could be useful in subsequent meta-analyses.

Oakley et al. (Oakley 1995) restricted their scope to studies with comparison

groups, pre- and post-intervention data, and information on all targeted outcomes. They
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found 18 studies that met these criteria, of which only 4 (22%) concerned MSM; two of
these (Kelly 1989 and Kelly 1992 had been identified by previous reviews. Of the two
studies newly identified, both included multiple intervention arms and a comparison arm.
Rosser found no statistically significant differences in effects on safer sex among four
diverse intervention conditions and a comparison arm. Tudiver found a greater decrease
in unsafe anal sex after a single-session group intervention led by a peer volunteer than
after a four-session group led by paid counselors, or among control participants. The
reviewers recommended that HIV intervention research should apply stronger evaluation
designs.

Kalichman, Carey, and Johnson reported a meta-analysis of cognitive and
behavioral outcomes of HIV risk-reduction interventions across all populations in 1996
(Kalichman 1996). Only 2 (17%) of the 12 eligible studies were focused on MSM. A
weighted least-squares regression suggested that intervention effects diminished as the
time from intervention to follow-up progressed from 1 to 6 months.

We found four more reviews or commentaries from 1996 on the status of HIV
prevention research for MSM. In a resource guide for use by HIV prevention Community
Planning Groups (Middlestadt 1996), only 5 (15%) of a list of 33 articles focused on
MSM. Oakley, Oliver, Peersman and Mauthner (Centre for the Evaluation of Health
Promotion and Social Interventions) subsequently cast a more finely meshed
methodological net in an update of their previous summary. Coates et al. (Coates 1996)
noted that although substantial risk reduction has already taken place, continued and
evolving behavioral prevention efforts are essential; efforts should be targeted to those at

greatest risk for infection and transmission, including but not limited to MSM and people
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who already have HIV; and the science of HIV prevention must be enhanced, including
improved surveillance methods, vaccine development, and linkage from science to
practice. Finally Graham Hart (Hart 1996) underscored the importance of quantifying the
effectiveness of interventions on changing behavior in real world settings. Yet no new
rigorous evaluations of interventions for MSM were available for inclusion in any of
these reviews.

In a review of recent HIV prevention interventions for gay men, Kegeles and Hart
(1998) identified three additional intervention studies with outcome data: (1) Gold and
Rosenthal (1995), in which gay men who were assigned to keep a diary of their sexual
activity and provide self-justifications for episodes of anal sex without a condom were
less likely to report more than one unprotected episode than men who were assigned only
to keep a diary; (2) Peterson et al. (1996), where African-American MSM randomly
assigned to a triple-session intervention were less likely to report unprotected anal
intercourse (UAI) than their counterparts assigned to a wait-list control; and (3) Choi et
al. (1996), who found that Asian or Pacific Islander MSM who were assigned to a single-
session, 3-hour intervention group reported fewer sex partners than APl men who were
assigned to a wait list control condition. This review also provided preliminary reports
concerning several evaluation studies which had not yet presented outcome data. The
reviewers noted that community-level interventions may be advantageous in that they can
reach people who have not already decided that HIV prevention is important or that they
are at risk. By contrast, the strength of individual and small-group approaches is that they
can deliver a larger number of hours of intervention to each participant than can be

delivered, on average, to each individual within a community setting. These reviewers
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also noted a methodological concern that because many of these populations have
received the attention of numerous prevention efforts in recent years, it may now be
difficult to determine the true effect of newly introducing any given intervention.

A quantitative analysis of 9 intervention studies was presented in 2002 (Johnson
2002). Of approximately 100 studies which met inclusion criteria concerning research
design and outcome measures, only 10 focused on MSM, 9 of which reported behavioral
outcomes. A summary of effects of those interventions revealed a consistent significant
reduction in unprotected sex when contrasted against comparison conditions.

Thus previous reviews of HIV prevention point to the need for a quantitative
summary and analysis of prevention studies focusing on MSM. Past reviews have
identified effective interventions and have suggested several hypotheses regarding
intervention content (information, motivation, skills; resources, intensity, and cultural
competency), delivery (community-level, small groups, hours of intervention),
populations (by age, race/ethnicity, gay or non-gay identification), and measurement
(evaluation designs, time from intervention to follow-up) to explain differences in
effectiveness. However, a need remains for an up-to-date quantitative summary and
analysis to integrate the lessons learned and to evaluate which preventive strategies prove

most effective under what circumstances.
2.3 Accounting for the unit of assignment in group-randomized trials

Many health promotion interventions are designed for delivery to social groups
that already exist before the intervention is implemented. Murray (1998) describes
examples such as school-based smoking prevention programs, mass media campaigns to

reduce delay time in seeking medical care during a heart attack, selection of heart-healthy
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foods from restaurant menus, and training of bar staff to reduce service to patrons who
appear intoxicated.

In such cases, the health or behavioral outcome of interest occurs at the level of
individuals (smoking, seeking medical care, selecting items from menu, drinking or
serving drinks), but the interventions can only or best be delivered to larger groups
(schools or classrooms, media markets, restaurants or communities, bars). Group-
randomized trials are often the best method for evaluating effects of such interventions.

In a group-randomized trial, the unit of assignment to treatment condition is the
group, but behavioral or health outcome data is typically gathered at the individual level.
Thus g schools may be randomized to receive an experimental program to reduce
smoking and g schools to a control condition (thus ¢ = 2 conditions), but m students
(members) within each school may be surveyed concerning behavior (or their cotinine
levels may be examined etc.)

Several researchers and methodologists have emphasized that because the unit of
assignment in such studies is the group rather than the individual, the error variance
against which the intervention effect should be compared is determined primarily by
variance among these groups rather than among individuals. An analysis that fails to take
this into account and instead treats the data as if each person had been individually
randomized to treatment or control conditions will generally overstate the precision of the
results (and thus understate the variance), often badly. A classic description of the

problem was:
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Randomization by cluster accompanied by an analysis appropriate to
randomization by individual is an exercise in self-deception, however, and should
be discouraged.

Cornfield (1978), pp 101-102.

Unfortunately, research teams may not have the means or may not be aware of the
need to conduct an analysis that accounts for groups as units of assignment. Funding for
health promotion research may be so scarce that studies must be limited to only a few
clusters, in which case researchers may resort to individual-level analyses to “enhance”
power. It is not uncommon for a group-randomized trial to include only a single cluster
per treatment condition, in which case cluster is entirely confounded with treatment
condition, and no variance remains to be allocated to variation among clusters by the
usual methods.

Compatible procedures for variance estimation are necessary if group-randomized
studies are to be combined and compared in meta-analyses with studies where individuals
are the unit of assignment. Better estimates of variance may be valuable to program
planners and policy makers who seek to make the best use of limited budgets for health
promotion efforts. For such purposes, a formula is needed to estimate the variance that
would have been obtained from an analysis appropriate to randomization by cluster given

only the results of an analysis appropriate to randomization by individual.
2.4 Transformation between different types of data for meta-analysis
A method to transform results between dichotomous and count measures is

needed to permit comprehensive analysis of randomized controlled trials that use the two

types of outcomes. A method has previously been described for transformation between
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means and dichotomies assuming an underlying normal (or technically logistic)
distribution (Hasselblad and Hedges, 1995; Chinn, 2000; Johnson, Semaan, Hedges et al.,
2002). This method assumes that the preferred outcome is the odds ratio or the
standardized mean difference (which we define in the manuscript in Appendix A).
Although valid odds ratios and standardized mean differences can be estimated, risk
ratios or rate ratios may be preferred for randomized trials because these metrics are
directly interpretable as the ratio of either the proportion reporting any occasions or the
mean number of occasions between the two treatment conditions, and risk odds ratios can
be misleading when events are common (Deeks, Higgins, Altman et al., 2008; Deeks,
2002; Altman and Deeks, 1998; Katz, 2006; Deeks, 1998; Bracken and Sinclair, 1998).

Thus new methods are needed to transform directly between risk ratios and rate ratios.
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3. Objectives

In the studies included as appendices to this dissertation, we first present two
papers addressing specific statistical and methodological challenges that we encountered
as we undertook a meta-analysis of HIV prevention research for MSM. In Study |
(included as Appendix A), we derive and test correction factors to account for the unit of
assignment in group-randomized trials when the only available data are collapsed across
groups. In Study 11 (Appendix B), we derive and test equations to permit transformation
between outcome measures when only count outcomes or dichotomous outcomes are
available.

We then present a meta-analysis to identify, describe and summarize rigorous
HIV prevention studies for MSM (Study 111, Appendix C). We also include a Cochrane
Review (Appendix D, not numbered as a study) in which the meta-analysis is further
updated and re-formatted to meet criteria of the Cochrane Collaboration.

The studies are titled: 1) Correcting the Variance of the Intervention Effect in
Group-Randomized Trials When Only the Variance Appropriate to an Individually-
Randomized Trial Is Available, 2) Transformation Between Count and Dichotomous
Outcomes for Meta-Analysis: Estimating Risk Ratios from Means and Rate Ratios from
Proportions, and 3) HIV Intervention Research for Men Who Have Sex with Men: a 7-
Year Update. The Cochrane Review is titled “Behavioral Interventions to Reduce Risk

for Sexual Transmission of HIV Among Men Who Have Sex with Men.”
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4. Methods

This section describes the statistical and procedural methods used in each of the three
studies (clustered assignment, transformations, and meta-analysis). Each study also
includes its own methods section. Study I11 was published first and uses some
terminology (Prevalence Ratio as opposed to Risk Ratio) and methods (assumption of a
constant dispersion factor) that differ from Study II.

4.1 Methods for determining the factor necessary to adjust for clustered assignment

We used algebra to derive and compare the formulas for components of the
ANOVA table for the model appropriate for individual-randomized trials, for example for
the post-test only design:

Yian = u+ Ci+gjy (1)
with the ANOVA table for the model appropriate for cluster-randomized trials, again for
example for the post-test only design:

Yit = g+ Gy + Gy + i (2)

We applied this process to three designs: the post-test only design, the nested
cross-sectional design, and the nested cohort design. The proposed correction formulas
were derived as the ratio of the variance of the mean of the intervention effect under
model 2 to the variance under model 1.

Correction factors obtained by this process apply explicitly to linear models
where the outcome is usually continuous. However, the most commonly available data
were dichotomous (any unprotected sex vs. none during the recall period), the analytical
method most frequently applied was logistic regression, and the metric most commonly

used for presenting these results was the odds ratio. The sums of squares framework we
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used to develop the correction factors under the linear model does not apply to logistic
models. Therefore it remained to be shown whether the same correction factors would
apply to logistic models. We generated simulated data to test the performance of the
correction factors. To examine the validity of each formula, we compared the adjusted
variance resulting from each of the three formulas in simulations where the correct
variance can be shown. These procedures are described in greater detail within the
manuscript.

We then applied the resulting factor to several examples of group-randomized
trials to reduce unprotected sex among men who have sex with men. We examined the
effects of correcting for ICC on each separate study as well as on meta-analyses of all
studies under several different sets of assumptions. Further details are provided within the
manuscript.

4.2 Methods for determining formulas to transform between count and dichotomous
outcomes

We applied regression and the method of moments to derive several candidate
formulas for estimating proportions given only means and variances, and for estimating
means and variances given only proportions.

Quantities resulting from those formulas were then substituted into the usual
equations for the risk ratio (for dichotomies) and the variance of the log risk ratio, as well
as the rate ratio (for counts) and the variance of the log rate ratio, to obtain five series of
estimated intervention effects and variances under varying sets of assumptions. The meta-
analytical weight could then be estimated in the usual way as the reciprocal of the

variance. We also applied the delta method assuming either a Poisson, geometric, or
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negative binomial distribution to obtain an additional series of methods for estimating the
variance of the intervention effect.

Then we compared the performance of the resulting candidate formulas on
empirical data sets from behavioral HIV prevention research for men who have sex with
men. Formulas yielding minimal mean squared error for the log of the intervention effect
and the log of the weight were deemed to provide optimal performance. Further details
are provided in the manuscript. Again note that we used the term risk ratio in study Il to
represent the same metric that we previously referred to as the prevalence ratio in study |I.
Either term is correct.

4.3 Methods for meta-analysis of HIV prevention research for MSM

The following section describes the methods used within the 2005 publication,
“HIV intervention research for men who have sex with men: a 7-year update,” (AIDS
Education and Prevention 2005;17:568-589). Some of these methods were further
refined and enhanced during the development of the other two manuscripts included in
this dissertation. In particular, we found that the regression methods described in the
“Transformations” manuscript (in Appendix B) provided improved precision over the
assumption of a constant dispersion parameter d for the negative binomial distribution
(on page 39 and following in this section). We also use the term “prevalence ratio” in the
2005 publication, and within this section 4.3, to identify the same concept that is
identified as the “risk ratio” in the Transformations paper.

4.3.1 Search strategies and eligibility criteria
We systematically reviewed the HIV prevention literature to find studies

measuring the effects of behavioral interventions for MSM (Semaan et al., 2002).
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Resources included online databases (e.g., Medline, Psychinfo, PubMed, AIDSLine, Web
of Science), reviews and other studies in the HIV prevention literature, expert
recommendation, hand searches of selected journals, and manuscripts and unpublished
reports submitted by researchers.

Keywords for electronic searches varied according to database. As an example, a
Medline search in August 2004 for (AIDS/prevention & control [pc] or HIV infections/pc
or sexually transmitted diseases/pc) yielded 24,143 citations. A search for (homosexuality
or bisexuality or gay.mp or bisexual.mp or men who have sex with men.mp or
seropositivity/psychology) yielded 13,262 citations, and a search for (randomization or
intervention studies or program evaluation or random.mp or randomize.mp or
randomized.mp or randomly.mp) yielded 292,874 citations. Most quasi-experimental
studies included the terms “intervention studies” or “program evaluation.” Of the 77
citations included in all three searches, 49 were potentially eligible trials or reviews of
HIV prevention interventions. Review of these 49 led to identification of 21 trials that
were eligible by the criteria described below.

The potentially eligible HIV prevention studies from all sources were then
evaluated by criteria of outcomes measured and study design. We included only studies
that measured intervention effects on behaviors understood to affect risk of HIV
transmission (e.g., unprotected sex, condom use, number of partners) and biologic
outcomes including incidence of infection by HIV or other STD. We defined unprotected
sex as anal intercourse without a condom. Data concerning other sexual and drug use
behaviors were not frequently available. Only three eligible studies reported biologic

outcomes. Because unprotected anal sex is the most epidemiologically pertinent behavior
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for MSM (O’Leary, DiClemente, & Aral 1997) and was available for all studies, we
conducted analyses only for this outcome.

We excluded interventions that focused not on sexual transmission but on
cognitive or affective outcomes such as distress associated with HIV testing, or health
and coping for seropositive men (Perry, Fishman, Jacobsberg, Young, & Frances 1991,
Chesney, Chambers, Taylor, Johnson, & Folkman 2003). We included only studies in
which MSM constituted all or a substantial proportion of the study sample (e.g., HIV-
seropositives) or were specifically targeted by the intervention. When other populations
were included, we obtained outcome data for the MSM subset or reduced the study
weight to reflect only the proportion who were MSM.

Acceptable study designs were randomized controlled trials and certain quasi-
experimental designs. Quasi-experimental studies were required to include independent
comparison groups assigned without bias, that is, without regard to volition, self-
selection, need, or other baseline characteristics, and to include separate baseline data for
the intervention and comparison groups. We requested supplemental information from
authors when intervention effects, or the data necessary to calculate them, e.g., separate
results by study arm, were not published.

4.3.2 Calculation of effect sizes

Because eligible studies used randomized or quasi-experimental designs, we
chose rate ratios (RR) to estimate intervention effects for count measures and prevalence
ratios (PR) for dichotomous measures (Greenland 1998, Deeks 1999). Note that we used
the term prevalence ratio in study | to represent the same metric that we later refer to as

the risk ratio in study Ill. Either term is correct.
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For each study that reported count measures (number of episodes of or partners
for unprotected sex), the rate ratio at follow-up was the ratio of the mean in the
intervention group to the mean number in the comparison group. The natural logarithm of
the rate ratio (LnRR) was then an estimate of the intervention effect. The reciprocal of the
variance of LnRR (see Appendix) served as a measure of the weight of information
provided by the study.

Similarly the prevalence ratio at follow-up was the ratio of the proportion of
respondents reporting unprotected sex in the intervention group to the proportion in the
comparison group. The natural logarithm of the prevalence ratio (LnPR) was an estimate
of the intervention effect, and the reciprocal of the variance of LnPR (see Appendix)
estimated the weight of the study. Rate ratios and prevalence ratios less than one
represented a difference favoring the experimental intervention group.

When individual-level data were available, we used SAS Proc Genmod to
estimate intervention effects adjusted for the baseline value of covariates such as the
outcome variable, age, race/ethnicity, and serostatus. For count outcomes, we used the
negative binomial distribution and the log link function and adjusted the scale for
Pearson’s chi-square divided by its degrees of freedom to estimate the rate ratio. For
dichotomous outcomes, we used the binomial distribution and the log link function to
estimate the prevalence ratio. Scale adjustment does not apply to dichotomous outcomes.

When individual-level data or adjusted statistics were not available, we adjusted
for the baseline distribution of the outcome variable by subtracting the baseline LnRR or

LnPR from the follow-up LnRR or LnPR. We used the lesser of the baseline and follow-
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up weights for such studies. These decisions concerning baseline adjustment and weights
were based on the available empirical examples with raw data.

In studies where communities are the unit of assignment to treatment, the variance
of the intervention effect will be underestimated if intraclass correlation (ICC) is not
accounted for (Murray 1998). We applied the adjustment factor developed in study | to
reduce study weights where necessary to account for ICC. For small values of ICC, the
adjustment factor is approximately equal to Donner’s variance inflation factor (VIF): 1 +
ICC x(m — 1) where m is the number of subjects in each unit of assignment. We assumed
an ICC of .005, the value observed in the one study for which ICC was published (Kelly,
etal., 1997).

For studies that measured results at multiple follow-up times, we used data
representing cumulative effects closest to 12 months after the intervention. We used
outcome variables that did not distinguish between insertive and receptive sex, main and
nonmain partners, or partners perceived to be seroconcordant vs. serodiscordant when
such data were available. For studies from which the only available results were
separated by insertive vs. receptive sex, or main vs. nonmain partners, we used the
average point estimate and the average weight of the two measures to estimate the
underlying combined effect (Johnson, Semaan, Hedges, Ramirez, Mullen, & Sogolow
2002b). When results were not available concerning main or seroconcordant partners, we
accepted results concerning only nonmain, serodiscordant, or unknown serostatus
partners. For studies that compared two or more experimental interventions against a
single control group, we divided the control group into equal parts for comparison to each

of the interventions.
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4.3.3 Statistical analysis

We applied the standard procedures for meta-analysis to conduct summary,
stratified, and regression analyses (Cooper & Hedges 1994). We conducted separate
analyses using rate ratios and prevalence ratios. In order to include all eligible studies in
each analysis, we substituted prevalence ratios for rate ratios in studies that measured
only dichotomous outcomes, and vice versa in studies that measured only count
outcomes. If the prevalence ratio is constant across cutpoints then the rate ratio equals the
prevalence ratio. This assumption of constancy across cutpoints is analogous to the
assumption used to justify transformation between log odds ratios and standardized mean
differences in other meta-analyses (Hasselblad & Hedges 1995, Chinn 2000, Johnson et
al., 2002b). This assumption appeared plausible based on the studies for which effects at
multiple cutpoints were available. Variances (and therefore weights) however differ
substantially between count and dichotomous outcomes. We used the following formulas
to estimate the variance of LnRR when only dichotomous data were available, and the

variance of LnPR when only count data were available. Specifically, when only
dichotomous outcome data (e.g., sample sizes m and n and sample prevalences Pand §)

were available we estimated the variance of LnRR as:
~ ~ & A~ ~

Var(Lngr)-—d0=B) 4 el -

mi-@-p)'| nf-(@-g) |

For the pooled dispersion parameter d for the intervention and comparison groups we

[=3Y

used the value 6.5, the weighted mean value of the dispersion parameters from 19 studies

from which it could be directly estimated. The dispersion parameter is estimated as:
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var[z]-E[z]

d ="
E*[z]

where é[Z]andVér[Z]are the pooled sample mean and the pooled sample variance for

all intervention and comparison groups in a study. This formula applies when the
underlying count data are overdispersed relative to the Poisson distribution, that is, the
variances are greater than the means.

When only count data (e.g., sample sizes m and n, sample means

E[Y Jand E[X |, and sample variances VAr[Y Jand VAr[X ]) were available we

estimated the variance of LnPR as:

A Fi 5
Var(LnPR)= ) n(i 7

where

. E(XX)
: ~var(X)
o EXX)

E(Y )= intervention sample mean

Var(Y ) = intervention sample variance
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~

E(X )= comparison sample mean

Var(X ) = comparison sample variance

This formula applies when the data are overdispersed, that is, the sample variances are
greater than the sample means. Note that we later developed additional formulas for the
Transformations paper (Study I11); the methods we used in Study I, which was published
in 2005, are not necessarily the same methods we want to recommend after Study III.

We present results separately for interventions contrasted against minimal to no
HIV prevention control conditions and those contrasted against standard or other HIV
prevention conditions. We defined minimal to no HIV comparison conditions as
including no treatment, wait lists, lagged designs, counseling for emergencies only,
passive display of materials in community settings, and several treatments not addressing
sexual behavior (diet and exercise training, substance abuse treatment, health support
groups, and medication adherence consultation). Standard or other comparison conditions
included HIV prevention seminars, individual HIV prevention counseling and testing,
HIV prevention videos, and keeping a diary of sexual activity in the context of HIV
prevention.

We conducted both random and fixed-effects meta-analyses (Hedges & Vevea
1998). Because intervention effects were generally homogeneous, results of the two types
of models were usually identical. When results did differ, point estimates from the fixed
effects models were slightly (about 1%) more conservative. Therefore we present only
results of fixed effects models. We used stratified analyses to examine subgroup effects
according to intervention format (small group, individual, or community-level), and to

summarize interventions for HIV-positive MSM. We applied the standard principles of
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weighted meta-regressions (Cooper & Hedges 1994) to account for multiple study
characteristics and to examine differences in effects according to exposure rates in
community-level interventions.

We examined the potential effect of outlier studies by excluding each intervention
effect one at a time and recalculating the summary effect. To investigate the possibility of
publication bias, we examined a linear regression through the funnel plot of treatment
effect on sample size (Macaskill, Walter, & Irwig 2001). To be concise, we present
regressions, sensitivity to outliers, and analysis of publication bias only for rate ratios and

not prevalence ratios.
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5. Correcting the Variance of the Intervention Effect in Group-

Randomized Trials when Only the Variance Appropriate to an

Individually-Randomized Trial Is Available

See manuscript attached as Appendix A.



6. Transformations Between Count And Dichotomous
Outcome Measures For Meta-Analysis: Estimating Risk Ratios

from Means and Rate Ratios from Proportions

See manuscript attached as Appendix B.
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7. Meta-Analysis of HIV Prevention Research for Men Who

Have Sex with Men

See published article attached (with permission) as Appendix C.

Also see published Cochrane Review attached (with permission) as Appendix D.
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8. Discussion

8.1 General conclusions

These three studies contribute to both the substantive and methodological
understanding of meta-analysis and of HIV prevention research for men who have sex
with men. In Study | we developed correction factors for the variance of the intervention
effect in studies where the unit of assignment to treatment condition is groups rather than
members. The correction factors were derived for linear models, where the outcome may
be either continuous or dichotomous, and the intervention effect is measured as the
difference between conditions. We showed by simulations that the correction factors also
perform well in logistic models where the intervention effect is measured as the odds
ratio. When ICC is small, the correction factors are approximately equal to the VIF,

except for the case of the completely naive model for the cohort design, in which case the
correction factor is approximately VIF x (1— fyy(m)). This simplified approach also

performed well in simulations.

Study 11 showed that regression or the method of moments can be used to estimate
risk ratios given only means and variances, or rate ratios given only proportions.
Compared to simply interchanging the risk ratio with the rate ratio, regression and the
method of moments assuming a negative binomial distribution provided substantial
improvements in estimates of the risk ratio. However, the same methods yielded no
improvements in precision of estimates of rate ratios over simple substitution of risk
ratios. Estimates of weight were greatly improved for both directions. It would be most
beneficial for researchers to measure and report dichotomous unprotected sex as well as

number of episodes for and number of partners for unprotected sex as three separate
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outcomes. When the wider range of preferred information is not provided, methods such
as regression and the method of moments may be useful.

Study I11 showed that behavioral interventions for MSM reduced episodes of or
partners for unprotected sex by 27% compared with minimal or no intervention, and
reduced the proportion of men reporting any unprotected sex by 16%. Study Il also
found that count outcomes such as number of episodes of or partners for unprotected sex
may be more sensitive than dichotomous outcomes, which do not recognize even a very
large decrease in an individual’s risk unless unprotected sex is altogether eliminated. A
reduction in number of occasions of unprotected sex may have an important impact on
HIV transmission, particularly if the number of partners for unprotected sex and the

density of unprotected sexual networks also decrease.
8.2 Strengths

Study | showed that appropriate post hoc corrections can be made to meta-
analytical weights for studies where existing groups are the unit of assignment. Our
derivations were based on additive models, but simulations showed that the correction
factors worked well for multiplicative models as well in the range of correlations typical
of intervention research in this field. In our empirical examples, the correction factors
were often as great as 6 or 7 even at a modest ICC of .005.

Outside of meta-analysis, this correction process is also useful for individual
studies where only one cluster has been assigned to each treatment condition. Confidence
intervals and statistical significance can be presented for a range of assumed values of
ICC from similar studies, for example zero (no correction), .005, and .030. Even when

two or three groups have been assigned to each condition so that ICC can be estimated,
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the estimate has a wide confidence interval and it may be prudent to use these formulas to
consider a range of possible values for ICC.

Although group-randomized trials often have little power to detect a statistically
significant intervention effect when ICC is properly accounted for, meta-analysis of
several such studies can provide stable and valid estimates. If an external estimate or

likely range of ICC is available, correction factors for linear and logistic models are
straightforward and easy to apply. The VIF (or VIF x (1— fyy(m)) in the case of the

completely naive model for the cohort design) performs well in the range of correlations
we examined. This correction can also be used to estimate variance even in the case of
only one or a small number of clusters per treatment condition, which is common in
community-level intervention studies, and where estimates of ICC are unstable or cannot
be estimated.

Study 1l examined a wide range of candidate estimates (regression and several
statistical distributions) for estimating proportions given means and variances, and vice
versa. Nineteen eligible studies were identified including 79 comparisons. Methods to
substantially reduce mean squared error from the default procedures were identified for
the log risk ratio and its variance as well as for the variance of the log rate ratio.

Study I11 was a comprehensive meta-analysis of 54 HIV prevention interventions
for MSM, summarizing a literature that has grown rapidly in recent years but without
standardization of outcomes, designs, or intervention content. As we approach the fourth
decade of the AIDS epidemic, MSM are still the population at greatest risk for HIV in the
developed world. Intervention effects were homogeneous, consistent with the hypothesis

that a consistent effect was occurring across studies. And while by our estimates only five
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of the studies independently attained statistically significant results, meta-analysis across
all studies and several subsets of studies showed that HIV prevention interventions for

this population do consistently yield reductions in self-reported unprotected sex.
8.3 Limitations

In Study I, our derivation does not address matched or stratified designs, multiple
waves of followup data collection, or analyses of followup data with adjustment for
baseline conditions as a covariate. This correction process adjusts only the variance and
associated statistics such standard error and meta-analytical weight. It cannot address
concerns regarding the validity of the point estimate when only one or a few clusters have
been randomized to each treatment condition. Such point estimates are subject to bias
because an insufficient number of units have been randomized to account for different
trajectories that might have occurred even in the absence of the intervention. This bias
can be reduced by combining multiple studies within meta-analysis.

In Study 1, empirical data did not closely fit any of three distributions presented
(Poisson, geometric, negative binomial), nor did they fit two other distributions that we
considered but did not present here (zero-inflated Poisson or zero-inflated geometric).
The closest fit appeared to be the zeta distribution, but parameter estimates for that
distribution were lower than the minimum necessary to permit estimation of means and
variances. The zero-inflated negative binomial distribution may have yielded a good
statistical fit to the empirical data, but was not useful because it requires specification of
three sample statistics (e.g., mean, variance, and skewness) but only two statistics are

usually provided.
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Finally, like any meta-analysis, Study I11 is limited by the range of primary
studies that have been conducted. Perhaps most importantly, very few intervention
studies for MSM have actually measured HIV incidence as an outcome. Thus it was
necessary to summarize intervention effects on risk behavior (unprotected sex) rather

than on HIV incidence.
8.4 Implications and future research

Study | focuses on correcting the variance of the log odds ratio in group-
randomized trials. The correction factors and the traditional VIF can be used in power
analyses for future studies; researchers planning group-randomized trials should be aware
that increasing the number of groups per condition is a much better strategy for
improving power than increasing the number of members per group. The correction
factors and traditional VIF also permit generation of a variance from studies where only
one group has been assigned to the intervention condition and one group to comparison.

Additional research can establish the analogous procedures for the log risk ratio,
log rate ratio, and standardized mean difference. Further research can also investigate the
appropriate correction factors for models that include individual-level and group-level
covariates.

Results from Study Il suggest that further investigation is warranted using
empirical data from other populations besides MSM, and other realms of health and risk
behavior besides HIV prevention. What distribution patterns are observed among count
variables measuring other risk behaviors, such as number of cigarettes smoked or number

of occasions of drug use? What about health promotion behaviors, such as number of
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days where subjects engaged in at least 30 minutes of aerobic exercise? Can similar
approaches (regression or the method of moments) be used for these outcomes?

The juxtaposition of count and dichotomous measures raises a significant
practical question: What measures of behavior are in fact most closely related to risk of
transmission of HIV? Epidemiological studies revealed early on that unprotected anal sex
and number of partners were related to transmission. But HIV prevention efforts could
still benefit from a more refined understanding of transmission dynamics. Newly infected
people may be vastly more likely to transmit HIV than those with established (and
therefore more immunologically controlled) infections (Jacquez, 1994); would reducing
the number of different partners for unprotected sex during the window period of new
infection (and high infectiousness) lead to a reduction in the number of transmission
events? If so, an optimal measurement of target behavior for risk reduction could be the
number of partners for unprotected sex during the specified recall period. To our
knowledge, this behavioral message has not yet been tested empirically.

Finally study 111 shows that behavioral interventions do promote self-reported risk
reduction among MSM. A sufficient number of studies have accumulated so that future
meta-analyses can be more narrowly targeted, for example by demographic groups (HIV-
positive MSM, black MSM, MSM in the developing world), intervention format (small
group, individual-level, or community-level), and intervention content (cognitive-
behavioral therapy, relapse prevention, community mobilization). Study Il revealed a
critical lack of effective interventions for African American MSM; our research

contributed substantially to a growing awareness of this need, and two interventions for



this population have now been tested, found effective, and recommended for
dissemination (Jones 2008, Wilton 2009).

The three studies in concert provide a model and methods for summarizing and
comparing the effects of interventions in all fields of health promotion where primary

intervention research is being conducted.
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Summary
Published analyses for group-randomized trials often do not account for intraclass
correlation (ICC), the propensity for similar responses among members within groups.
Reports of such studies often include only the sample size and either the proportion
experiencing the outcome of interest (for dichotomous variables) or the mean and
standard deviation (for count or continuous variables) for each treatment condition
without regard to groups. Subsequent meta-analyses must rely on summary statistics to
estimate the variance of the intervention effect but must also account for the effects of
group randomization. When only one group has been randomized to each treatment
condition (which occurs frequently in public health), ICC cannot be estimated from the
data. Here we derive and test the factors necessary to adjust variances for ICC due to
group assignment by comparing hypothetical ANOVA tables for individual-randomized
trials and group-randomized trials. For a partly naive analysis (which correctly accounts

for pre-to-post correlation within member fyy(m)) of the nested cohort design, and for
posttest-only and nested cross-sectional designs, Donner’s variance inflation factor
VIF =1+ (m — 1)[@ C yields a satisfactory approximation of the correction factor if ICC is

small. For a completely naive analysis of the nested cohort design that does not account

for pre-to-post correlation within member, a satisfactory approximation of the correction
factor is VIF x (1 —Fo(m) ) We demonstrate the impact of this correction in empirical
studies and meta-analysis of HIV prevention research. These correction factors are useful

for meta-analysis, power calculations, and studies where only one or a few groups have

been randomized to each treatment condition.



1. BACKGROUND

Interventions directed to communities or other socially intact groups are essential
to health promotion. The nature of some interventions requires that they be delivered in
the context of social groups. Interventions delivered to communities may also include
scaled-up effectiveness trials of individual-level interventions. The variance of the
intervention effect in such studies is influenced by intraclass correlation (ICC), the
propensity for members of a group to give similar responses.

Because such studies often have low statistical power, it is particularly important
to summarize and compare information from multiple trials in meta-analysis. At least two
groups per condition are required for the estimation of ICC within a study, but many if
not most studies do not meet even this minimal criterion. Even when two or more groups
are assigned to each treatment condition so that a valid analysis could be performed,
research teams may not be aware of the need to analyze the data by a method (e.g.,
general or generalized linear mixed models) that accounts for groups as units of
assignment. A procedure for correcting the variance estimate is needed so that studies
which have not been (or could not be) correctly analyzed in primary reports can still be
included in subsequent meta-analysis. Valid estimates of variance accounting for ICC are
required for this process because the reciprocal of the variance is used to weight the
studies.

It is known that the variance of a mean or proportion sampled in groups can be

multiplied by a variance inflation factor VIF =1+ (m—1)ICC to account for ICC

[Donner 1981, Donner 1984]. While different factors have been proposed to adjust for

group randomization [Rooney & Murray, Hsieh], to our knowledge their application to
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the estimating the variance of intervention effects has not been explicitly examined in the
context of meta-analysis with theoretical derivations, testing by simulation, and
evaluation by comparison with the correctly estimated variance in empirical examples.

Correction for intraclass correlation influences a meta-analysis because the
contribution of each study to the summary effect is weighted by the reciprocal of the
variance. Thus the meta-analytical weight of each study is reduced by the same factor by
which the variance is increased. The correct estimate of a study’s weight is the reciprocal
of the variance from the correct mixed model that accounts for group membership. In
contrast, the naive weight is the reciprocal of the variance obtained from an analysis that
ignores ICC, and thus is subject to an increased type 1 error rate if ICC is greater than
Zero.

The purpose of this manuscript is to derive and evaluate expressions for
correction factors for the variance of the intervention effect when complete data are not
available, but when certain variance components or correlations can be estimated or
inferred from other studies. We then illustrate application of the correction factors using
published studies.

The manuscript is organized as follows: First, we derive correction factors under
the linear or additive model by comparing the variance components for a hypothetical
individual-randomized trial with those for a hypothetical group-randomized trial, and we
verify with simulated data that the product of the resulting correction factors times the
naive variance of the intervention effect does indeed yield the variance estimated from
the proper analysis that accounts for the group randomization (section 2). Second, to

examine empirically and compare the performance of these correction factors with the
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traditional VIF for correcting the variance of the intervention effect on a dichotomous
outcome in logistic models, we conduct Monte Carlo simulations in which we generate
(section 3) and analyze (section 4) simulated data under a series of multiplicative models.
Finally we illustrate the application to empirical studies (section 5) and meta-analysis
(section 6) of community-level intervention studies for HIV prevention among men who
have sex with men, and discuss these findings and applications (section 7).
2. DERIVATION FOR LINEAR MODELS

In the following section and the appendix we derive the correction factors under
linear models for three designs — the posttest-only design, the nested cross-sectional
design, and the nested cohort design — by comparing variance components from mixed
models (which are appropriate for group-randomized trials) with those obtained from the
naive fixed effects models (which are appropriate only for individual-level randomized
trials). We follow the notation used by Murray [1998]. Consider a balanced design in
which g groups (communities, hospitals, schools, classrooms, social networks, etc.) are
allocated to each of ¢ treatment conditions (we will consider only two: experimental and
control). Each group includes m members (students, patients, residents, etc.). We will
consider examples only with equal numbers of members per group and equal numbers of
groups per treatment condition. We label the number of members per treatment as n =
gm. The entire study has 2g groups and 2n = 2gm individuals.

We use the subscript N when necessary to distinguish components specific to the
naive model (a fixed effects analysis ignoring group membership) and C for the correct
model (a mixed model including group membership as a random effect). A total of g

communities are assigned to receive the intervention and g to a wait-list control
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condition. In each community, m sexually active participants respond to a survey after the
intervention is delivered in the experimental treatment communities. Relevant examples
might include published articles evaluating an HIV prevention program in different
communities. Published results frequently include only the mean and standard deviation
of the proportion of intercourse occasions when condoms were used and the number of
subjects in each treatment condition, not for each randomized group within each
condition. If the individual-level data or at least the group-level means and standard
deviations are not available, an external estimate of ICC must be substituted.
The Individual- and Group-Randomized Posttest-Only Designs

In the simplest individually randomized control trial design, the Posttest-Only
Control Condition design [Murray pg 355], the naive model incorporates an
independence assumption, as though each person had been individually assigned to either
the experimental or control condition. This naive model is implicitly:

Yie=pu+Cit+gy

Here, Y, represents the outcome for the i-th person assigned to the /-th treatment
condition where i =1, 2, ..., m and / =0, 1 (0 for the control condition and 1 for the
experimental intervention), p is a fixed effect representing the overall mean when other
fixed effect values are equal to zero. C;is a fixed effect value that represents the effect of
the intervention. In this fixed effects model, €;.; is the random error for the i-th person in
the /-th treatment condition (indicated by bold text). For this simple ANOVA model, we
make three assumptions: the errors are independent, identically distributed, and

homoscedastic, that is, the variances are equal at all levels of the explanatory variables. In
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the applications and to calculate certain statistics, one may further assume normality of
the errors.
The quantity of primary interest is the intervention effect A, which is estimated by

the difference between the mean, ¥;, among those assigned to condition 1 (intervention)

and the mean, Y, , among those assigned to condition 0 (comparison):

A = C, which is estimated by the difference in group means A =¥, -7,

In contrast, in the appropriate mixed model for the simple group-randomized trial
design [Murray pg 361; Neter et al pg 981-2] a random effect for each group (e.g.,
school, hospital, neighborhood, etc) is included to account for group membership. This
model will be referred to as the “correct” model. It can be expressed as:

Yikr=p+ Crt Grit €

Here, Y;.x.; represents the outcome for the i-th person in the k-th group that is
assigned to the /-th treatment condition; p represents the overall mean when other fixed

effect values are set to zero;, C;is a fixed effect of treatment ; G, is a random effect

distributed as Gy.; = N (0';6) that represents the effect of membership in the k-th group.

The random effect €;.;; represents the deviation of the i-th individual’s response from the
k-th group mean, nested within the /-th treatment condition mean.

For this mixed effects ANOVA model we assume the observations are identically
distributed and homoscedastic. But the random group effect allows for a correlation

structure reflected by the intraclass correlation, which for this design is

2
o-g:c
ICCm:g:c = 2 2 °
O, T0,
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The quantity of primary interest is again the intervention effect which is estimated

by the difference in group means:

~

A=Y, -7,
The expected sums of squares based on the correct model (indicated by the

subscript C) [Murray, pg 133] are:
E[SSE.]=2g(m—1)o’
E[55(6: €)= 2g - for? +mo,)

However the naive model does not account for group membership, so the sums of
squares associated with group membership are erroneously left to fall into the error term
of the naive (N) model. Thus the expected value of the error sum of squares under the
naive model is the sum of the expected value of the error sum of squares under the
correct model plus the expected value of the sum of squares for group membership:
E[SSE, |= E[SSE_. ]|+ E[SS(G : C)|

Under the naive (mis-specified) model the variance of the intervention effect, in

expectation, is (erroneously) taken to be:

. Esse,]_2(n-1)e? +mlg-1)o? ]

Taw n(n - 1) n(n - 1)

However, the correct variance of the intervention effect [Murray pages 133-134] is:

o 2£(MS,,| 2mo?, +0?)

A C .
n n

Now we seek a correction factor (cf) such that cf), X0, y =0a . Thus,

osttest—only

2 2
_Oxc (n—l)(magl, +ae) .
g posttest—only 2 -

ory  (n=1)ol +m(g-1)o;,




Substituting the expression for the ICC (above) into equation 1 gives:

2

o, MO'gZC
N b R ) R U s
Cfposttest—only = (I’l . I)Gez m(g — I)O';C - (n — 1)(1 — ICCm:g:c )+ m(g — I)ICCm:g:C
+
o, +0., Ol +0]

Now becauseVIF, . =1+ (m—-1)ICC,,.. [Murray, page 231], the correction factor can

m:g:c
be expressed as:

(n—VIF,,,

C =
posttest—only VIF
n—VvI m:g:c

We estimate 0;6 ,o2,1CC and VIF, by substitution of the appropriate estimates

migic »
and sums of squares (summarized in Table 1).

Thus the correct variance of the intervention effect that accounts for correlation of
responses within groups can be estimated as the product of a factor involving » and the

estimated VIF times the naive variance estimate. If /CC,, . is small, then the correction

factor approximately equals the VIF.

Derivations of correction factors for the other group randomized designs are given
in the Appendix, and shown in table 2. If the outcome of interest is continuous as in the
derivations above, the general linear mixed model is used to measure the intervention
effect as the difference between means of a normally distributed outcome.

The general linear mixed model has also been found to yield satisfactory
estimates of the intervention effect and its variance when the outcome of interest is
dichotomous and the intervention effect is to be measured as a difference between
proportions (Hannan and Murray 1996). We further examined the effects of these

correction factors on simulated data in 100 iterations for each of the three designs,



generating dichotomous outcomes under an additive model (data not shown). The
additive models for generating these data are shown in Table 3. In each case we
considered, the variance estimated by the properly specified, generalized linear mixed
model (GLIMMIX) was accurately obtained within rounding error by multiplying the
naive variance by the correction factor.

Thus these correction factors, which were derived under the assumptions of
identically distributed error terms, appropriate for many mixed linear models with a
normally distributed (typically continuous) outcome, were also fully successful for the
situations considered in correcting the naive variance of the intervention effect in mixed
linear models with a dichotomous outcome, where the intervention effect is measured as
a difference in proportions. However it remains to be shown whether the same correction
factors work appropriately for logistic models, where the outcome is dichotomous and the
intervention effect is modeled not as a difference but as an odds ratio.

3. GENERATING SIMULATED DATA UNDER MULTIPLICATIVE MODELS
MODELS FOR LOGISTIC ANALYSIS

The correction factors described above were derived by comparison of expected
sums of squares under assumptions for a linear ANOVA model. But perhaps the more
frequently used method for estimating intervention effects and variances for dichotomous
outcomes is logistic analysis. In this case the metric of effect is not the difference
between proportions but the odds ratio. Critical to our situation, sums of squares are not
used in the logistic model. Therefore it remains to be shown whether the derived
correction factors continue to work well when the data are generated under a

multiplicative model and either a naive or a correctly specified mixed logistic regression
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model is used for the analysis. It also remains to be shown how ICC can be estimated for
mixed logistic models.

To evaluate this issue empirically we conducted simulations, generating and
analyzing binary data using high, medium, and low estimates for background prevalence
Bo, secular trend [3,, and intervention effect B3, as well as for random effects as
appropriate to each study design. Multiplicative models for the three designs are shown in
Table 4. For each design, the intercept 5 estimates the logit of the background
prevalence of the outcome, and f3 estimates the log of the odds ratio representing the
effect of the intervention. The background prevalence can be estimated by the inverse
logit function (exp So)/[1+(exp So)], and the intervention effect by exp f3 where exp is the
exponential function. In the nested cross-sectional and nested cohort designs, the
difference between intervention and comparison groups at baseline is estimated by exp S
and the secular trend (the change across time in the comparison group) by exp S, .

We used data from previous meta-analyses and empirical studies of HIV
prevention for men who have sex with men (MSM) to select a plausible range of
parameters for the simulations (Table 5). We identified 11 HIV prevention trials where
social groups or communities were the unit of assignment to treatment status. Six of these
studies used a nested cross-sectional design and five used a nested cohort design. Of the
six cross-sectional studies, three assigned at least two communities to each of the two
treatment conditions. ICC estimated from the data in these studies ranged from zero to
.013. Pre-to-post correlation for groups ranged from .4 to .7 with an average of .6.

Of the five cohort studies, only one assigned more than one group to each of the

two treatment conditions. The ICC estimated from this study was .05, and pre-to-post
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correlation for groups was .02. This study was somewhat different from the others in that
it was conducted in Russia and Bulgaria (as opposed to the US or UK), the groups were
small social networks with an average size of 4 (as opposed to gay gyms or larger gay
communities), and 52 units were randomized (as opposed to only 2 or 3 in the other
cohort studies). Pre-to-post correlation for members ranged from .4 to .7 with an average
of .5.

To generate simulated data, we assumed three groups in each of the two
conditions (intervention and comparison) for all designs. We assumed 300 members per
group for the posttest-only and nested cross-sectional designs, and 100 for the nested
cohort design (because larger sample sizes required excessive computation time). For
each design, we first conducted one set of simulations using medium values for all
parameters (the base case). We then conducted analogous simulations under different
scenarios substituting the alternative high and low values for each parameter. For the
fixed effects we selected high, medium, and low values of 0, -1, and -2 for fy; +.35, 0,
and -.35 for »; and 0, -.35, and -.7 for /5. We assumed the average baseline difference £,
was zero. We then selected values for the random effects that yielded correlations similar
to those observed in the empirical studies. For all three designs we selected high,
medium, and low values of .5, .17, and .06 for y,. For the nested cross-sectional design
we selected .7, .2, and .1 for y,. For the nested cohort design we selected .2, .1, and 0 for
y2;and 3, 2, and 1 for ys.

We performed separate series of simulations for three designs. For the cohort
design we considered two naive analyses. The partly naive analysis accounts for member

as a random effect and thus accounts for 7, but still ignores ICC and 7,,,. The
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completely naive analysis for the cohort design ignores all 3 correlations (ICC, pre-to-

post for groups 7, (. and pre-to-post within member7, ).

Corrected variances were obtained by multiplying the naive variance by the
traditional VIF and by the new CF; corrected weights were the reciprocals of these
variances. For the completely naive analysis under the cohort design, the variance was

further multiplied by a factor of 1-7, , where7, (, is the observed pre-to-post

correlation within member.

Finally we assessed the precision of the naive estimate and each of the corrected
estimates by calculating the mean squared error (MSE) between each approximation and
the true weight. MSEs closer to zero indicate better estimates. We took the average of all
informative iterations for each scenario, excluding iterations where any necessary model
did not converge or where ICC=0, since results are non-informative in such cases. We did
not allow negative variance components, which would have required excessive
computation time. As a result, variance components are biased in a positive direction and
will not precisely correspond to our input parameters, but this has no bearing on our
investigation of the effectiveness of correction factors or VIF in adjustment of the
variance in the remaining iterations. For each design, we present values for fixed and
random effects, correlations, VIF, CF, and true, naive, and corrected estimates of weight
and MSE averaged across all convergent iterations where ICC>0.

4. SIMULATIONS USING LOGISTIC MODELS

To analyze the simulated data generated under the multiplicative models

described above, we applied the Generalized Linear Mixed Model (Wolfinger and

O’Connell 1993, Breslow and Clayton 1993). In this approach, “pseudo-data” are
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iteratively constructed by Taylor series expansion to permit modeling of the dichotomous
outcome. Covariances and the residual error are then estimated by the pseudolikelihood
method in a manner analogous to that used for linear data as described in Table 1.

If the estimation is based on residual likelihood, and the expansion locus is the
marginal mean of the random effects (as specified by METHOD=RMPL in SAS), then
the point estimate of the intervention effect in a balanced design is the same as the point
estimate obtained from the naive logistic model. Thus, estimates of the log odds ratio
from the collapsed contingency table with no information concerning group membership
are identical to estimates from the SAS GLIMMIX procedure using the RMPL (residual
marginal expansion pseudo-likelihood) technique, and we need be concerned with
correcting only the variance.

Variance components from Proc Glimmix in SAS are presented on the scale of
the link function used for the generalized linear mixed model (Murray page 239). This
means that values presented for the residual and for member must be multiplied by the

variance function, which in the case of the binomial distribution is [_7(1 - ]7) where p is

the overall prevalence of the outcome, while values presented for group nested within
condition and for time by group nested within condition must be multiplied by the square

of the variance function (Table 6). These values can then be used to estimate ICC, 7, (),
and r, () by the formulas in Table 2. Correlations estimated by these methods are similar

to those estimated from linear models. This raises the question of how well the estimates
of correlation from the linear model may perform for correcting naive estimates of the

variance of the log odds ratio. Thus we will consider both the correlations obtained from
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the linear model and the correlations obtained from the logistic model for estimating the
VIF and CF, when we compare MSEs for various methods of estimation.

A further set of options is raised concerning the estimation of p . This value can

be estimated in at least three ways: the overall average proportion, the inverse logit of the
average of the four logits of the proportion in each treatment condition at each time, or
the inverse logit of the average of the 12 logits of the proportion in each group within

each treatment condition at each time. We use these 3 estimates of p to generate 3

estimates of ICC based on logistic model parameter estimates. We label these estimates
of ICC in Table 7 as logl, log4, and logX respectively. Finally we use the linear estimate
of ICC and these 3 logistic estimates of ICC to generate 4 estimates of VIF and 4
estimates of CF.

Thus for each design, we want to compare the performance of the newly derived
CF versus the traditional VIF, using estimates of correlations based on linear versus
logistic models, and for logistic models, with estimates of the scaling factor based on the
overall prevalence, four prevalences (2 conditions at 2 times), or 12 prevalences (3
groups within each of 2 conditions at 2 times).Performance will be compared by
manipulating each of the 3 characteristics (CF vs VIF, linear vs logistic correlations, and
type of prevalence estimate for the scaling factor in logistic correlations) in an effort to
obtain minimal values of MSE.

For each of the study designs we present the number of successful (convergent)
iterations, baseline prevalence (for the intervention and comparison groups combined,
since we assume that they do not differ at baseline), the intervention effect, the ICC, and

the resulting naive and correct meta-analytic study weights (Table 7). Substantial
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numbers of iterations were excluded due to non-converging logistic models (where no
results were available) or ICCs of zero (where the results under the naive model were
identical to the results of the correct model, and thus provided no useful information for
our question).

Post-test only and nested cross-sectional designs. The average value of about -1

for By indicates an average comparison prevalence of e”' / (l +e’! ) =27% . The average

value of about -.34 for B3 indicates an average odds ratio of e™** =.71 for the
intervention effect. The average ICC was about .01 and the average VIF and CF were
about 4 by all four methods (linear and the three logistic methods).The average naive
weight was more than twice the average true weight. The average weights corrected by
VIF approached the true estimate of weight as the estimate of ICC progressed from the
linear value through the more precise logistic estimates. A similar pattern was observed
among weights corrected by CF. Estimates were slightly closer to the correct value when
obtained by way of the traditional VIF for the post-test only design, and by way of the
newly derived CF for the nested cross-sectional design.

MSE for the naive estimates of weight were 40 to 80 times the average weight.
MSESs confirm the impression that corrected values obtained by way of VIF were slightly
more accurate than those by way of CF for the posttest-only design, but the reverse for

the nested cross-sectional design. Estimates based on group-specific p were very slightly
more accurate than those by way of the overall p .

Nested cohort design. The average By of about -0.6 indicates an average baseline
prevalence (in the intervention and comparison conditions combined, because we assume

the baseline difference between the two conditions is zero) of 35%. The average 3; of -.22
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indicates an odds ratio of .80 for the intervention effect. The partly naive analysis of the
nested cohort design includes somewhat fewer iterations than the completely naive

analysis because the required mixed logistic model (accounting only for 7,

+(m) and not

ICC or 7,,)) did not converge in several iterations.

Fixed parameter estimates and the correlations changed little from the average
values observed under the post-test only and nested cross-sectional designs. The average
ICC was about .01, yielding average VIF and CF of about 2.2 by all 4 methods for the

partly naive analysis and 1.4 (including a factor of 1-7, , for VIF) for the completely

naive analysis.

For the partly naive analysis, the average naive weight of about 27 was almost
twice the average true weight of about 15; the MSE of 180 was about 12 times the
average true weight. For the partly naive analysis, correction by way of the traditional
VIF yielded somewhat more precise results than by the newly derived CF. MSEs were
reduced by a factor of about 90 (180/2) for corrections based on the traditional VIF and
linear correlations. MSEs for corrections based on the traditional VIF and logistic
correlations were even more precise by another factor of 100 (2/.02). There was a very
slight advantage of estimating p from the group-specific p over the overall p as the
scaling factor.

For the completely naive analysis, the average naive weight of about 16 was not
very different from the average true weight of about 15 because the apparent precision
incorrectly gained by neglecting ICC was approximately balanced by an incorrect loss of

precision due to neglecting fyy(m). Nevertheless the MSE of about 46 for the naive weight

under the completely naive model was about 3 times the average true weight. Correction



by way of the newly derived CF yielded somewhat more precise results than by the
traditional VIF. MSEs were reduced by a factor of about 20 (46/2.2) for corrections based
on the newly derived CF and linear correlations; MSEs for corrections based on the
newly derived CF and logistic correlations were even more precise by another factor of

over 100 (2.2/.02). Again there was a slight advantage of estimating p from the group-
specific p over the overall p as the scaling factor.

Summary. Thus in simulations with logistic models, CF performed slightly
better than VIF for the nested cross-sectional design and the completely naive analysis of
the nested cohort design. In contrast, VIF performed slightly better for the partly naive

analysis of the nested cohort design. Performance of CF and VIF were almost
indistinguishable for the post-test only design.

Estimates based on correlations from the logistic model using p as the scaling

factor were substantially more accurate than estimates based on correlations from the
linear model by a factor of 15 to 150. Estimates based on correlations from the logistic
model using the inverse logit of the average of the logits of the 12 time-by-group

proportions as the scaling factor were usually more accurate than those using p by a
factor of .8 (favoring p ) to 3.0 (favoring logX). But all correction methods provided a

substantial improvement over the naive estimate, by factors of 72 to over 30,000.

Thus among the three characteristics involved in the correction process, (CF vs
VIF, linear vs logistic correlations, and type of prevalence estimate for the scaling factor
in logistic correlations), the use of correlations estimated from logistic models rather than
from linear models was the most critical to performance as measured by minimal MSEs.

For the post-test only design for example, MSEs were about 0.1 to 0.2 when correlations



estimated from logistic models were used, compared to about 3.5 when correlations
estimated from linear models were used.

The choice concerning which estimate of p to use in the scaling factor led to only
very small differences in MSE. Even so, those small differences were mostly in the
expected direction. Estimates of p as the inverse logit of the average of the 12 logits of
the proportion in each group within each treatment condition at each time yielded the
smallest MSE, followed by estimates of p as the inverse logit of the average of the four
logits of the proportion in each treatment condition at each time, followed by estimates of
p as the overall average proportion.

In practical applications, both the choice between correlations derived from linear
and logistic models, and the choice among methods for estimating the scaling factor, are

moot. All three correlations (/CC and, if applicable, F(e) @nd 7)) must be estimated

very roughly based on results of other studies. Given the uncertainty of the three

correlations, the difference in performance between VIF and CF is likely to be negligible
in most empirical applications.
5. APPLICATION TO EMPIRICAL STUDIES

Next we examine the effect of applying correction for ICC to the weight of 11
available studies of behavioral HIV prevention for MSM (Table 8). For all but the far
right column of this table we collapse multiple data collection waves into a single

baseline and a single followup. Given the small difference observed above between VIF

and the correction factors, we apply the simpler factor VIF x (1 — fyy(m)) to completely

naive analyses of the nested cohort design and VIF alone in all other cases.
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For each study, we estimate the VIF as 1 + (m-1)ICC assuming that ICC = .005 or
ICC =.03. Then we show the estimates of weight, first assuming ICC = 0, and then after
applying the estimates of VIF assuming that ICC = .005 or ICC = .03. Next we show the
estimates of weight applying the VIF for those studies where ICC could be estimated
from the data. Finally in the rightmost column, we show the estimate of weight for a
complete analysis of the individual data where multiple waves are not collapsed, and time
is treated as a continuous variable in studies with more than two waves of data collection
(measuring the proportion of total study period elapsed) rather than dichotomizing time to
represent either before or after intervention.

Samples and cohorts included 9118 responses at baseline and 8880 at followup.
Almost two-thirds (k = 7) of the studies included only one group or cluster in one or both
conditions, so the usual mixed model analysis that estimates ICC from the raw data
would not be possible. Table 8 shows that the impact of correction for ICC increases not
only with the assumed value of ICC but also with the average group size. Since at any
given ICC, VIF and CF depend on the average cluster size, those studies with the largest
cluster size are penalized the most by variance inflation. For example, at an assumed ICC
of .005, the naive variance for the two largest studies (with an average of about a
thousand members per group) must be multiplied by a factor of 6 or 7. Four studies with
an average of 200 to 300 members per group had correction factors of 2 to 3. The
correction factor was about 1.5 for studies with around 100 members per group, and little
correction was necessary for studies with fewer than 50 members per group.

Similarly, at a given cluster size m, the corrected variance increases substantially,

and thus the weight decreases, with increasing assumed values for ICC. For example, if
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ICC is assumed to be zero, the study with the largest N of 2324 has a weight of 59.7. But
even at a moderate ICC of .005 this weight is reduced to 8.8 and at a high ICC of .03 the
weight is 1.7, barely larger than the study with a total sample size of only 54. By contrast,
the weight of the study with the lowest average group size m changes little from 9.6 if
ICC=0to 8.8 if ICC =.03.

Estimates of ICC could be obtained from the data in four studies. Results of this
adjustment ranged from no impact on Elford 2002 (where ICC was estimated from the
data to be zero) to the greatest impact on ACDP 1999 (where ICC was estimated from the
data to be .013). Even though the highest ICC estimate of .05 was observed for
Amirkhanian 2005, the average group size m was smallest in this study and the resulting
VIF was small.

Complete analyses based on published results or raw data were available for the
same 4 studies. These analyses accounted not only for the internal estimate of ICC but
also for design features unique to each study such as multiple waves of followup data
collection, matched pairs of intervention and comparison groups, and unequal number of
members per group and across time. This rightmost column illustrates the additional
advantage of multiple waves of data collection, independent of the intraclass correlation,
with the weight being more than doubled in one study.

6. META-ANALYSES OF EMPIRICAL STUDIES

We then conducted and compared meta-analyses of the 11 studies under each of
the assumptions described in Section 5. The total weight in fixed effects meta-analyses of
these studies decreases dramatically with increasing assumed values of ICC, from a

weight of 225 if ICC is assumed to be zero to only 31 if ICC is assumed to be .03 (Table
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9). The impact of this overall decrease in weight is an increase in the variance and thus
the width of the fixed effects confidence interval from (.66, .85) at ICC=0 to (.41, .83) at
ICC=.03.

The change in individual study weights relative to each other can affect not only
the width of the confidence interval but also the point estimate itself. In our case, the
sharp decrease in weight for the study with the least favorable overall effect (Elford
2002) combined with a relatively stable weight for the study with the most favorable
effect (Amirkhanian 2005) results in progressively more favorable point estimates from
an odds ratio of .75 when ICC is assumed to be zero to an odds ratio of .58 when ICC is
assumed to be .003. Application of study-specific ICC estimates and complete analyses
returns the point estimates toward the more moderate range of .72 to .73, and the
confidence intervals to a moderate width (.59 to .87 for complete analyses).

The Q statistic is distributed as chi-square and tests for heterogeneity among
studies. The small values of the Q statistic in the first 5 rows indicate that given the
assumptions within each meta-analysis, the effect sizes are relatively homogeneous. The
additional component of variance tau which reflects that homogeneity is therefore small
for each meta-analysis, and the net results of random effects meta-analyses are similar or
identical to the fixed effects meta-analyses for the first 5 sets of assumptions.

Finally, if the correction factors were not available, we would have been obliged
to exclude the 7 studies for which an internal estimate of ICC was not available. In this
case, heterogeneity is quite significant (Q3 = 9.4, p=.02) necessitating use of the random
effects model. The point estimate (OR = .67) is a little stronger than most other summary

estimates in the table, but the confidence interval includes the null value of 1.0, indicating
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a non-significant summary effect. Even worse, almost two-thirds of the studies would be
lost, leaving little opportunity to investigate the cause of the heterogeneity.
7. DISCUSSION

We have derived correction factors to account for assignment of existing social or
other clusters to treatment status in group randomized controlled trials. The correction
factors were derived for linear models, where the outcome is generally assumed to be
continuous with identically distributed errors, and the intervention effect is measured as a
mean difference between conditions. We showed by simulations that the correction
factors also perform well in logistic models where the intervention effect is measured as
the odds ratio.

When ICC is small, the correction factors are approximately equal to the VIF,

except for the case of the completely naive model for the cohort design, in which case the

correction factor is approximately VIF x (1 - fyy(m)). This simplified approach using only

the VIF, or the VIF x (1 - fyy(m)), instead of the full correction factors also performed well

in simulations.

Appropriate corrections to the meta-analytical weights are necessary for studies
where existing groups are the unit of assignment. In our empirical examples, some study
weights were reduced by factors of about 6 or 7 even at a modest ICC of .005. The fixed
effects summary estimate actually moved farther from the null as assumed values of ICC
increased. This apparent paradox occurred because the VIF happened to be greatest for
two studies that had the least favorable effects.

This change in weight can affect meta-analysis in at least four ways. First, the

overall reduction in the weight of available evidence could lead to an increase in the
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variance to the extent that summary results that would be statistically significant in a
naive analysis are no longer significant. Second, the greater reduction in weight from
studies with a large number of members, while other studies with a large number of
groups are less affected, could change the magnitude of the summary intervention effect
from a value reflecting mainly the former to a value reflecting mainly the latter. Third,
accounting for ICC makes weights smaller and tends to make weights more similar
across studies. Since small outliers introduce less heterogeneity than large outliers, the
difference (if any) between results of fixed and random effects analyses may decrease
when ICC is accounted for. Finally, within a meta-analysis that also includes studies
where individuals are the unit of assignment, the reduction in weight for studies where
groups are the unit of assignment yields a summary result that more accurately reflects
the proportion of information that comes from these studies. Without correction for ICC,
the intervention effects of studies where groups are the unit of assignment would be
overrepresented in the summary result.

Outside of meta-analysis, this correction process is also useful for individual
studies where only one cluster has been assigned to each treatment condition. Confidence
intervals and statistical significance can be presented for a range of assumed values of
ICC from similar studies, for example zero (no correction), .005, and .030. Even when
two or three groups have been assigned to each condition so that ICC can be estimated,
the estimate has a wide confidence interval and it may be prudent to use these formulas to
consider a range of possible values for ICC.

Setting aside the issue of ICC for a moment, it is also remarkable that the correct

estimates of weight of about 15 under the cohort design were not much less than the
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correct estimate of about 18 under the cross-sectional design, even though the sample size
(N=1800) assumed for the cross-sectional design at each time point was three times as
great as for the cohort design (N=600). This result illustrates in part the futility of large
cluster sizes in group-randomized trials. If we assume that ICC is .005 in both cases then

the VIF, which is1+(m—-1)ICC, increases from about 1.5 when m =100 to 2.5 when m =
300. The cohort design further benefits in statistical power from the factor of (1 — fw(m))

which reflects correlation within member across time. If that correlation is 0.5, then the
weight under a cohort design is approximately doubled (and the variance decreased by
half) compared to a cross-sectional design with the same sample size and ICC.

Our derivation and simulations do not address matched or stratified designs,
unequal cluster sizes, multiple waves of followup data collection, analyses of followup
data with adjustment for baseline conditions as a covariate, or individually-randomized
group treatment trials (Diehr 1995, Feng 1999, Kerry 2001, Pals 2008). Further, this
correction process adjusts only the variance and associated statistics such as standard
error and meta-analytical weight. It cannot address concerns regarding the validity of the
point estimate when only one cluster has been randomized to each treatment condition.
Such point estimates are subject to bias because an insufficient number of units have been
randomized to account for different trajectories that might have occurred even in the
absence of the intervention. This bias can be reduced by combining multiple studies
within meta-analysis.

Although group-randomized trials often have little power to detect a statistically
significant intervention effect when ICC is properly accounted for, meta-analysis of

several such studies can provide more stable and valid estimates. If an external estimate
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or likely range of ICC is available, correction factors for linear and logistic models are
straightforward and easy to apply. The VIF (or VIF x (1 - fyy(m)) in the case of the

completely naive model for the cohort design) performs well in the range of correlations

we have examined. This correction can also be used to estimate variance even in the case

of only one or a small number of clusters per treatment condition, which is common in

community-level intervention studies, and where estimates of ICC are unstable or cannot

be estimated.
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Table 1. Estimation of covariance parameters necessary for calculating the 3

correlations ICC ,r, ), andr, ).

Component  Estimator Where
Post only
o 52 SS(G:C)=2(g-1)62 +mé?,)
o} G? SS(M :G:C)=2g(m-1)5?

o 52 SS(G:C)=2(g -1)62 +2mé2, )

ol 62 SS(TG : C)=2(g ~1)62 + mé2, )

o G2 SS(M :TG : C) = 4g(m—1)6?
Cohort

o 6 SS(G:C)=2(g-1)62 +262,, +2mé2 )

ol 62 SS(1G : C)=2(g ~1)62 + mé2, )

o> 6> SS(M :G:C)=2g(m-1)62 +262,.)

o’ G2 SS(MT:G:C)=2g(m—1)5>

. : Co2 g : .
Note: o, = group component of variance; o, = time by group component of variance;

o> = member component of variance; o> = error component of variance. Adapted from
Murray; posttest only pg 133, x-sectional pg 142, cohort pg 181. [temporary note for our
reference: it is correct that o for cross-sectional includes a factor of 4, while post-test
and cohort have a factor of 2]
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Table 2. Correction factors for the variance of the difference between two study conditions in three study designs for group-
randomized trials

Study Design Correction factor cc Fine) P ()

Posttest-only ( — I)VIFm e o ; NA NA
n—VIF, . U; +o!

Nestted Cross- (n - 1)( - l)VlFm ige (1 Fils )) U,zg U;
sectional (m=1)n = VIF,,. )~ (n=m = VIF,..)r, ) o.+0. o.+0, A
Nested cohort
Partly naive (n 1m - 1)VIF,, gie (1 r y}(g))
analysis (m—1\n—VIF, . )~ (n-Vm—VIF,, )r, . —m(g = )WVIF,,. ~1)r, o o, o,
Completely (n—1)m - 1)V]Fm,gc( — )Xl ) o, +0; ocl+o, c.+0o!
naive analysis (m - 1)( V[Fmtgc) (n— 1)(m V[Fmtgc) (e) ~ - 1)(V[ F e — l)ryy(m)

Note: n = average number of members per study condition; m = average number of members per group (nested within study
condition); g = average number of groups per study condition; VIF =1+ (m —1)ICC; ICC = intraclass correlation; Fo(g) = Over-time

correlation at the group level; 7, = over-time correlation at the member level; O'g2 = group component of variance; 0'; = time by

? yy
group component of variance; o, = member component of variance; o = error component of variance; NA= not applicable. The
partly naive analysis accounts for member as a random effect and thus accounts for r,,,, but ignores ICC and r,,). The completely

naive analysis for the cohort design ignores all 3 correlations: ICC, r,,), and 7.
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Table 3. Additive models for the difference in proportions in a group-randomized trial

Design and Distribution Model Random Effects
outcome
Post only
Yirs given Gy bin(1,pix) Pikt = pu+ Cr+ Gy Gr.1~N(, o)
X-sectional
Yijkt given Gy bin(L,pije))  pijgr = p+ Cr+ T+ G~ N(O, O-;c)
and TGj. 1+ Gier + LG
jk:1 TC][ G T(;jk-[ T(;jk:l ~ N(O’ Gtzgl‘)
Cohort
Yijra given Gy, bin(Lpjxs),  pjas = p+ Cr+ T+ Gr.i~N(, o)
M., and TGy 1+ G+ Mig + |
kil jk:1 TC]l Gk'l M'k'l M:k:l ~ N(O, O-riigic )

TG,
TG’jk-'l ~ N(()’ Gfg:c)

2 . . .
Note: o, = group component of variance; O'fg = time by group component of variance;

o 2= member component of variance. Adapted from Murray; posttest only pg 133, x-
sectional pg 142, cohort pg 181.
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Table 4. Multiplicative models for the odds ratio in a group-randomized trial

Design and outcome Model

Post only
Logit[E(Yi:k1 [Y1)] Po + Xipi+ Xofy + Xaf3 + pi ki

X-sectional
logit[E(Yik:1 Y1, ¥2)] Po + Xifi+ Xofs + Xaf3 + p1 ket P2kt

Cohort
logit[E(Yijk: [Y1, Y2, ¥3)]  Po + Xifi+ Xofs + XaB3 + pi ket Y2, jit + 93, ikt

Note:
Lo= intercept
1= baseline difference between intervention and comparison on the logit scale
[>= difference between baseline and followup in comparison condition on the
logit scale
3= intervention effect on the logit scale
Xi=1 for intervention condition, O for control condition
Xo=1 for followup, 0 for baseline
X;=1 for intervention condition at followup, 0 for all others

Ykt~ N (O, or )= random effect of membership in group £ within condition /

Y2, ki ~ N (0, o, )= random effect of membership in group k& within condition / at
time j

P3.ikt ~ N (0, o; )= random effect of member
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Table 5. Correlations from empirical studies of behavioral HIV prevention for men who
have sex with men

Study Location 2g ICC Ty Tuwm)
Cross-sectional

Kelly 1991 Southern US 3 -- -- --
Kelly 1997 Northern US 8 0.005 043 -
Miller 1998 New York City 3 -- -- --
ACDP 1999 Western US 4 0.013 0.71  --
Elford 2002 London 5 0.000 0.59 --
Flowers 2002 Scotland 2 -- -- --
Cohort

Kegeles 1996 Western US 2 -- -- 0.51
Hoff 1997 Western US 2 -- -- 0.47
Shepherd 1997 England 2 -- -- 0.67
Kegeles 2002 Southwest US 3 -- -- *
Amirkhanian 2005  Russia, Bulgaria 52 0.05 0.02 0.39

2g = number of groups intervention condition plus number of groups in comparison

condition; /CC = intraclass correlation; 7,

(g) = over-time correlation at the group level;

Foy(m) = OVer-time correlation at the member level; -- not applicable; * not available
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Table 6. Estimation of covariance parameters for multiplicative models

Component Estimation
S, S s unscated = O ptca (P(1= D))
&tzg GAtg,unscaled = &tzf,scaled (ﬁ (1 - 1_7 ))2
c i &nz,unscazed = &i,scaled ﬁ (1 - 1_9 )
oy ez &rzesidual = EDS x &;teoretical =EDSxp (1 -p )

Note: &gz = group component of variance; &tzg = time by group component of variance;

6. = member component of variance; & = error component of variance; N/A= not
applicable; EDS = extra-dispersion scale. Adapted from Murray pages 239 and 306
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Table 7. Average results of logistic models applied to simulated group-randomized data

in 3 designs, with 2 methods of naive analysis for the cohort design. Each iteration

included 3 groups in each of 2 conditions.

Design
Posttest-  Cross- Cohort
only sectional partly
naive
# iterations attempted 1400 1100 3900
# iterations used 960 539 1067
Members per group 300 300 100
Total members 1800 1800 600
Average fixed parameter estimates
B0 -1.00 -0.98 -0.60
B1 0.00 -0.01
B2 0.00 0.00
B3 -0.34 -0.35 -0.22
Average covariance parameter estimates
M 0.36
tg:c 0.05 0.04
g:.c 0.06 0.06 0.14
Err 0.99 0.99 0.62
Average correlations
™ 0.37
rG 0.44 0.46
ICC linear 0.0113  0.0092 0.0125
ICC logl 0.0112  0.0088 0.0124
ICC log4 0.0111  0.0087 0.0124
ICC logX 0.0109  0.0086 0.0122
Average VIF and CF
VIF linear 438  3.7381 2.237
VIF logl 435  3.6206 2.230
VIF log4 432  3.5995 2.226
VIF logX 426  3.5583 2.212
CF linear 4.43 3.7391 2.209
CF logl 440  3.6205 2.203
CF log4 437  3.5993 2.199
CF logX 430  3.5580 2.187
Average estimates of weight
True 33.63 18.13 15.16
Naive 78.71 41.50 26.99
VIF linear 33.38 17.52 15.06
VIF logl 33.41 17.84 15.12
VIF log4 33.50 17.89 15.13
VIF logX 33.58 17.96 15.18
CF linear 33.33 17.63 15.32

Cohort
completely
naive
3900
1449
100
600

-0.61
-0.01

0.00
-0.22

0.36
0.04
0.14
0.62

0.37
0.46
0.0129
0.0128
0.0128
0.0126

1.447*
1.439%
1.437*
1.427*
1.432
1.424
1.421
1.412

14.97
16.34
14.63
14.70
14.71
14.76
14.86



CF logl 33.36
CF log4 33.45
CF logX 33.53
MSE of weight
Naive 2647
VIF linear 3.47
VIF logl 0.21
VIF log4 0.09
VIF logX 0.08
CF linear 3.49
CF logl 0.24
CF log4 0.11
CF logX 0.09

* For the completely naive analysis of the nested cohort design, each VIF for each
iteration has been multiplied by a factor of (1 — fyy(m)).

17.96
18.01
18.08

670.7
9.28
0.21
0.17
0.12
8.92
0.06
0.03
0.02

15.39
15.40
15.44

180.3
1.970
0.019
0.014
0.016
2.336
0.463
0.466
0.518

14.94
14.95
14.99

46.4
2.570
0.415
0.403
0.349
2.176
0.018
0.014
0.015
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Table 8. Impact of ICC correction on weights of empirical studies
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Study 2n | 2g | m VIF Weight
Assuming | Assuming ICC= | Study- | Complete
ICC = specific | analysis

.005 | .03 0 .005 | .03 ICC
Flowers 2002 2324 | 2| 1162| 6.8| 358| 59.7| 88| 1.7 -- --
Hoff 1997* 1973 2| 987 | 59| 30.6| 59.7| 10.1 ] 2.0 -- -
ACDP 1999 1205 4] 301 | 25| 10.0| 123| 49|12 2.5 5.8
Kelly 1991 634 | 3| 211 ] 2.1 73] 152 7421 - -
Kegeles 2002* 632 | 3| 211 20| 73] 152| 7421 -- --
Elford 2002 1011 5] 202 20| 7.0| 232 | 11.6|3.3 23.2 23.2
Miller 1998 385 3] 128 1.6| 48| 82| 50|17 -- --
Kegeles 1996* 188 | 2 94 1.5 38 11.0] 75|29 -- -
Kelly 1997 385 | 8 48 1.2 24| 87| 7.1]|37 7.1 8.3
Shepherd 1997* 54| 2 27 1.1 1.8] 25| 22|14 - --
Amirkhanian 210 | 52 4 1.0 1.1| 96| 94|88 8.3 12.3
2005*

* Nested cohort design. Unmarked studies used the nested cross-sectional design

2n for cohort studies = sample size at followup including both conditions
2n for cross-sectional studies = average of baseline and followup sample sizes including

both conditions

2¢ = total number of groups in the two conditions

m=n/g

VIF = 1+ (m-1) x ICC for nested cross-sectional studies;
VIF = [1+ (m-1) x ICC] (1 —fyy(m)) for nested cohort studies

Complete analysis = Mixed logistic model of raw data assuming ICC as estimated from
the data and accounting for design features such as multiple waves of followup data
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Table 9. Meta-analyses of community-level HIV prevention interventions for men who

have sex with men

Fixed effects Random effects
Assumptions Total OR Q(p) df | tau | Total OR
weight (95% CI) weight (95% CI)

ICC=0 2253 | .75(.66,.85)| 14.5(.15)| 10| .02 | 128.7| .71(.60,.85)
ICC=0.005 81.5| .67 (.54,.84) 8.6 (.57)| 10] .00 81.5| .67(.54,.84)
ICC=0.03 30.8] .58(41,.83)| 4.0(95 | 10] .00 30.8| .58 (.41,.83)
Study-specific ICC* 89.6 | .73(.59,.90)| 11.2(35)| 10] .01 77.1 | .71(.57,.89)
Complete analyses™* 98.1 | .72(.59,.87)| 10.6(.39)| 10| .01 90.6 | .71(.58,.87)
Only the 4 complete | 4o ¢ 74 (56.97)| 94(02)| 3| 44| 139/ 65(38,1.09
analyses

* Assuming ICC = .005 if ICC not available from study
** Complete analyses for ACDP 1999, Amirkhanian 2005, Elford 2002, and Kelly 1997;
otherwise same as analyses based on study-specific ICC
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Appendix: CORRECTION FACTORS FOR NESTED CROSS-SECTIONAL AND

NESTED COHORT DESIGNS
The Nested Cross-Sectional Design

In the nested cross-sectional group-randomized trial design (Murray pages 140-
143), each group (e.g., school, hospital, neighborhood, etc) is randomly assigned either to
the experimental or the control condition. Pretest and posttest measurements are taken
among cross-sectional samples of members of each group, but no effort is made to obtain
responses from the same individuals at posttest who were surveyed at pretest. The model
is described by Murray for the linear situation as follows (pg 140-141):

Yii =u+ C+ T, + TCy + Gry + TGy + &k

[G, TG, and & are random effects (in bold)]

The observed value Y. for the i™ member nested within the ™ group and [
condition and observed at the /™ time is expressed as a function of a grand mean , the
effect of the /™ condition (C)), the effect of the jth time (7}), the joint effect of the M
condition and the jth time (7C;), the realized value of the Ko group (GY.;), and the realized
value of the combination of the ™ group and /™ time (T Gj..;). Any difference between
this predicted value and the observed value is allocated to the residual error (&;.jx.1).

In most group-randomized trials, condition, time, and their interaction are fixed
effects. In order to account for the positive intraclass correlation expected in the data, Gy
and TGj.; must be included in the analysis as random effects. The three random effects
allow for correlation among members within a group (Gy.;), for correlation among
members within a time < group survey (TGj.;) and for random variation among the

members (&)
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Similar procedures to those shown for the posttest-only design can be used to

show that the correction factor for the nested cross-sectional design is

. _ (l’l - 1)(11’1 - 1)V[I:m:tg:c (1 B ryy(g)) 5

cross—sectional (m — 1)(}1 —VIF )— (I’l — 1)(77’1 —VIF )ryy(g)

mig:c mig:c

where

VIFm:tg:c =1+ (m - 1)IC‘C’m:tg:c

2

o
_ tg:c
ICCm:tg:c - 2 2
Gtg:c + Ge
2
]/' _ O-g:C
wle) = 2 2
O-g:c + O-tg:c

IfI1CC,,,. is small, then n—VIF,  and m—VIF, . approximately equal n—1

m:tg:c m:tg:c
and m—1. The factor 1 —r, ) cancels out and the correction factor is approximately the

VIF.
The Nested Cohort Design

In the nested cohort group-randomized trial design (Murray pg 179-184, 370),
each group is randomly assigned either to the experimental or the control condition.
Pretest and posttest measurements are taken among a cohort of members of each group,
with responses from the same individuals at posttest who were surveyed at pretest. We
adapt the model described by Murray (pg 180-181) as follows:

Yik1=pu+Cr+ T+ TCy+ Gig + My + TG + &k

[G, M, TG, and ¢ are random effects (in bold)]
The observed value Yj;.x; for the i member at the jth time and nested within the £

group and /™ condition is expressed as a function of a grand mean g, the effect of the /™
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condition (C)), the effect of the jth time (7}), the joint effect of the jth time and the /™
condition (7Cj;), the realized value of the K™ group (Gy.), the realized value of the /™
member (M;.../), and the realized value of the combination of the jth time and ™ group
(TGjr)). Any difference between this predicted value and the observed value is allocated
to the residual error (&;.x.1).

In most group-randomized trials, condition, time, and their interaction are fixed
effects. In order to account for the positive intraclass correlation expected in the data, Gy
and TGj.; must be included in the analysis as random effects. The three random effects
carried over from the nested cross-sectional design allow for correlation among members
within a group (Gy.), for correlation among members within a time x group survey
(TGjr;) and for random variation among the members (&;;.1.).

Murray includes an additional term MTj;..; to allow for correlation among
replicate measurements on the same member during a single time during the survey. We
assume no replicate measurements and therefore exclude this term. Procedures similar to
those shown for the posttest-only design can be used to show that the correction factor for

the nested cohort design is

_ (n - 1)(171 - 1)Vll-rmt:g:c (1 o ryy(g) Xl B r)/y(m)) 6
A (=)= VIE,,,. )~ (n=1\m =VIE,,. )r, ) = m(g = DWVIF e = 1)1,

mt:g:c mt:g:c mt:g:c »

C

where

V]Fmt:g:c = 1 + (m - 1)I(ijmt:g:C

2

O
_ tg:c
ICCmt:g:c - 2 2
O-tg:c + O-e
2
O-g:c
Twie) =2 2
o, +0O

gc tgic



A 45

2
o

m:g:c

r =
wy(m) 2 2
O-m:g:c + O-e

2
mt:g:c

Murray includes an additional term o, .. in the denominators of 7.,

and ICC pages 300-301), but because we do not allow for replicate observations on

megee (
an individual during a single time point in the survey our denominators do not include
this term.

When the individual data are not available and only a summary two-by-two
contingency table is provided without regard to group membership, the ICC and pre-to-
post correlations (or the corresponding covariance parameters) will not usually be
available. Therefore it is necessary to borrow estimates of ICC and pre-to-post
correlations from similar studies in order to apply this procedure.

One cluster per condition

Because we rely on an external estimate of ICC, these correction factors can be
used even when only one group is assigned to intervention and one to control status, that
is, when g = 1. In this case, n = m and the corrected variance for both the posttest-only
design and the nested cross-sectional design further simplifies to

2 VIF
T =0 O

The corrected variance for the nested cohort design simplifies to

ot = VIF(1-7,,) .

1-1ICC
This formula corrects only the variance in such studies, and cannot address bias in

the point estimate of the intervention effect that is likely when only one cluster is
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assigned to each treatment condition. In the context of meta-analysis however, that bias is

diminished when several studies are aggregated, if there is no publication bias.
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ABSTRACT

Meta-analysis requires comparable units or metrics (e.g., risk ratios, rate ratios,
odds ratios, or standardized mean differences) to combine and compare information
across studies. When the outcome of interest is a count variable that can be dichotomized,
some studies may provide only means and variances (or standard deviations), while
others treat the outcome as dichotomous and provide only proportions. The count
variables are often highly skewed and not normally distributed. We used regression
models and the method of moments to identify candidate procedures for estimation of
proportions (and therefore risk ratios) from means and variances, and estimation of
means and variances (and therefore rate ratios) from proportions. We used these methods
as well as the delta method to estimate variances of the intervention effects. We
compared performance of the various methods on empirical studies when the proportions,
means, and variances were available. The empirical data were not normally distributed.
The most accurate estimates of risk ratios and their variances from means were obtained
using regression estimates or the method of moments assuming a negative binomial
distribution. There was little difference among several approaches for estimating rate
ratios from dichotomous data, but the variance of the log rate ratio was best estimated
again by way of the regression estimates or the method of moments assuming a negative
binomial distribution. With the caveat that intervention effects on dichotomous and count
(or normally distributed) outcomes are not precisely interchangeable, these formulas

facilitate comparison and aggregation for meta-analysis and health policy.



INTRODUCTION
Meta-analysis requires comparable metrics (e.g., risk ratios, rate ratios, odds
ratios, or standardized mean differences) to combine and compare information across
studies. But research protocols differ among studies, and various outcome measures are
likely to be encountered in a given field. For example, in HIV prevention research,
unprotected sex may be measured as a dichotomous variable (any vs. none) or as a count
variable (number of occasions of or partners for unprotected sex). The intervention effect
might then be measured as the risk ratio comparing the proportion reporting one or more
occasions, or as the rate ratio comparing the mean number of events per unit time during
the recall period in the intervention versus the comparison condition (Table 1). A method
to transform results between dichotomous and count measures is needed to permit
comprehensive analysis of randomized controlled trials which use the two types of
outcomes.
---- Table 1 about here ---
A method has previously been described for transformation between intervention
effects measured as odds ratios or standardized mean differences as defined in Table 1
) Although valid odds ratios and standardized mean differences can be estimated
for randomized trials, there are several reasons why risk ratios and rate ratios may be
preferred. First, the risk ratio and rate ratio are directly interpretable as the ratio of either
the proportion reporting any occasions or the mean number of occasions per unit time
between the two treatment conditions. Second, odds ratios can be misleading: when
events are common, the odds ratio can be much farther from the null than the risk ratio,

and the distinction between the two is frequently missed (4,5,6,7,8,9). Third, in a series of



studies we are interested in, the outcome is a count variable that is not normally
distributed; the empirical performance of the method that is currently being applied has
not been evaluated for this situation. However, in the absence of methods to transform
directly between risk ratios and rate ratios (and their variances), meta-analyses of
randomized controlled trials have had to rely on transformations between odds ratios and
standardized mean differences (°).

Here we derive and examine the performance of alternative methods to transform
data between risk ratios for dichotomies and rate ratios for counts. We consider methods
based on linear associations between count and dichotomous measures across studies, as
well as the method of moments ('°). We derive formulas to estimate proportions given
only means and variances, and then to estimate means and variances given only
proportions. We then substitute these estimates into the usual formulas to estimate
intervention effects and study weights (the reciprocal of the variance of the intervention
effect). We also consider the delta method for estimation of study weights (''). We apply
these methods to the empirical studies and compare the success of the various approaches
in terms of mean squared error (MSE) compared to observed estimates of intervention
effects and weights.

METHODS

For this analysis we selected studies for which means, variances, proportions, and
sample sizes were available for intervention and comparison groups at any number of
time points, typically one baseline and one or more follow up times such as 6 months and
12 months. Search strategies have been described previously ('*). We identified 19

studies of HIV prevention for which both dichotomous and count outcomes were
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available (
of 8 independent intervention/comparison pairs for a total of 25 pairs. Most studies
included multiple time points for a total of 79 comparisons of intervention and control
data.
Risk ratios and rate ratios

Here we provide the well-known expressions for the risk ratio and variance of the
log risk ratio (VarLnRRisk) given proportions and sample sizes for each treatment
condition. Similarly, we give expressions for the rate ratio and variance of the log rate
ratio (VarLnRRate) given means, variances, and sample sizes. These expressions for
VarLnRRisk and VarLnRRate arise from the delta method with the assumption of
independence between comparison and intervention groups ('', and see Appendix 1). We
then describe several candidate methods for estimating risk ratios and VarLnRRisk given
only means, variances, and sample sizes, and for estimating rate ratios and VarLnRRate

given only proportions and sample sizes.

We define the risk ratio as the ratio of the average risk p, of one or more events
among members of the intervention group during a specified recall period to the average
risk p, of one or more events during the same recall period among members of the
comparison group. The risk ratio and VarLnRRisk are routinely calculated from the
sample sizes n, and n, and observed sample proportions p, and p, for the intervention and

control groups as follows:

D

P,

Risk Ratio = Equation (1)

. - I-p, 1-p .
Var(LnRRisk) = _{91 + # Equation (2)
np n,P,



Similarly, we define the rate ratio as the ratio of the average number of events g,
per unit time during a specified recall period among members of the intervention group to
the average number of events g, per unit time during the same recall period among
members of the comparison group. The rate ratio and VarLnRRate are estimated from the

sample sizes and the observed sample means 4, and £, and sample variances Var Y, and

Var Y, for the count variable Y, in the intervention group and Y, in the control group:

A

Rate Ratio = - Equation (3)

A

Hy

VarY, Vary,
——+

V&r(LnR]%ate)z o il s
1/~°1 2572

Equation (4)

In the scenarios of interest, the sample sizes and limited statistics are given. We
may be given only means and variances (or standard deviations) of the number of
occasions during a specified recall period. In that case we need to estimate proportions
reporting any occasions during the recall period and to use those estimated proportions to
estimate the risk ratio.

Alternatively, we may be given proportions reporting any occasions during the
recall period and need to estimate means and variances of the number of occasions during
the recall period. Those estimated means are then used to estimate the rate ratio.

For transforming in each direction, we considered five candidate methods for
estimating risk ratios and rate ratios. A first naive estimate was obtained by simply
interchanging the risk ratio and rate ratio as if they were equivalent; we refer to this as the
identity method. A second set of estimates was obtained empirically by linear regression,

relating the logit of the observed proportion with the corresponding log of the mean and



the log of the variance, across studies. Third, fourth, and fifth sets of estimates were
obtained by way of the method of moments, assuming either a Poisson, geometric, or
negative binomial distribution of the count variable.

Precision-based weights for each study, as is common practice (**), are calculated
for meta-analysis as the reciprocal of VarLnRRisk or VarLnRRate. We examined
methods for estimating variances of the intervention effects that correspond with each
method for estimating risk ratios or rate ratios by substituting the estimates of proportion
given only mean and variance, or vice versa, into the variance formulas (2) and (4) above.

Thus the sample sizes n, and n, and estimated proportions p, and p, (as estimated by

means and variances) for the intervention and control groups were substituted into
equations (1) and (2) to estimate the risk ratios and VarLnRRisk. Similarly, the sample

sizes and the estimated means /; and /i, and estimated variances Var Y, and Var Y, (as

estimated by proportions) for the intervention and control groups were substituted into
equations (3) and (4) to estimate the rate ratios and VarLnRRate. We refer to this as the
substitution method for estimating the variance (and its reciprocal the weight) of the
intervention effect.

Although it will be seen that some of these approaches provide results that very
nearly approximate the values reported or calculated from the actual data for the
variances and weights, it must be emphasized that the quantities resulting from this
substitution process are not actually statistical variances, in the sense of average squared
distance from the mean, of the log risk ratio (LnRRisk) given only means and standard
deviations, or of the log rate ratio (LnRRate) given only proportions. Instead, they

represent an attempt to estimate the variances that would have been observed for the



LnRRisk if the proportions had been reported, or for the LnRRate if the means and
standard deviations had been reported. To address this limitation, we also estimated the
variance for each intervention effect by way of the delta method. Each approach for
estimating LnRRisk, LnRRate, and corresponding variances is described in detail in the
following paragraphs.
Interchanging risk ratios and rate ratios

The simplest approach to estimating risk ratios given only means, or to estimating
rate ratios given only proportions, is to substitute rate ratio for risk ratio and vice versa.
We will refer to this as the Identity approach. This approach could reflect the
interpretation of a reader who is familiar with the concept of ratios as a measure of
intervention effects but who may not attend to the more subtle differences among risk
ratios and rate ratios. While it might seem intuitively likely that proportions would be
correlated with counts and that risk ratios would be correlated with rate ratios, there is no
statistical relationship stipulating that one quantity must necessarily increase with the
other, and, to our knowledge, the strength of these correlations has not yet been examined
empirically. For this first naive procedure we also interchanged the variance (and weight)
of the LnRRisk with the variance (and weight) of the LnRRate.
Linear regressions

We based the next approach on empiric associations between the logit of the
proportion reporting one or more occasions and the corresponding log of the mean
number of occasions within that study as well as the log of the variance in number of
occasions evaluated across studies. The pattern turned out to be approximately linear (on

a log-log scale) across studies (Figure 1). Because all three of these parameters range



conceptually from negative infinity to positive infinity, this approach could represent an
improvement over interchanging risk ratios and rate ratios where proportions are bounded
at both ends of the range (from 0% to 100%) while counts are bounded only at the lower
end (from O to infinity). The regression approach is also supported by the empirically
observed relationship between means and proportions in the studies which provide both.
We then applied the substitution method as described above to estimate variances

of the intervention effects. That is, the sample sizes n,and n, and regression-based
estimates of proportion p, and p, (as estimated by means and variances) for the

intervention and control groups were substituted into equations (1) and (2) to estimate the
risk ratios and VarLnRRisk. Similarly, the sample sizes and the regression-based

estimates of mean £, and /fi,and variance Var Y, and Var Y, (as estimated by

proportions) for the intervention and control groups were substituted into equations (3)
and (4) to estimate the rate ratios and VarLnRRate. The weights in either case (risk ratio
or rate ratio) were obtained as the reciprocal of the variance.

The regression-based approach is useful if the correlations among means,
variances, and proportions are strong and consistent, and if a sufficient number of studies
are available to estimate the linear associations. Both of these criteria are met in our
empirical example, as shown below.

Method of moments

The next approach does not require regression or a large number of empirical
studies to estimate rate ratios from risks and conversely. Instead, the method of moments
allows estimation of the proportion given the mean and variance, or vice versa, by

assuming some specific underlying parametric distribution of the data. First, we derive



the appropriate formulas under each candidate distribution. We present results from two
1-parameter distributions (Poisson and geometric) and one 2-parameter distribution (the
negative binomial distribution). Once estimates of proportion given mean and variance, ,
are obtained by way of the method of moments, we proceed again as before to substitute
the estimates into Equations 1 and 2 for the estimate and variance of the risk ratio.
Similarly we substitute estimates of mean and variance given proportion into Equations 3
and 4 for the estimate and variance of the rate ratio. Again, we emphasize that this
substitution method does not yield a bona fide estimate of the variance, as it does not take
into account the uncertainty inherent in the estimation of the proportion given sample
mean and variance, or vice versa. Instead, this method estimates a value for the variance
that we might have calculated if we had directly observed the relevant statistics (the
sample proportion for risk ratio, or the sample mean and variance for rate ratio). Thus, it
cannot be interpreted as a true measure of average dispersion from the mean.
Derivations for transforming means and variances to proportions

Expressions for the mean, variance, and probability function (pf) are given for
each of the three candidate distributions (Table 2). The proportion p, which is the
proportion where the outcome value is greater than zero, can then be expressed as 1 —
P[Y=0]. We then express the various parameters (x, g, or k) in terms of the mean and
variance under each distribution (Appendix 2). The estimates of proportion obtained by
replacing the population mean and variance by their sample estimates can then be
substituted into Equations (1) and (2) for risk ratios and VarLnRRisk (Appendix 3).
Again, this substitution approach does not yield a statistically interpretable estimate of

VarLnRRisk.



---- Table 2 about here ---
Derivations for transforming proportions to means and variances
Next, we examined transformations in the reverse direction, where we use the
observed proportion to estimate the mean and variance. Because we had only one
summary statistic (the sample proportion), we were restricted to modeling the underlying
count data by a 1-parameter distribution. We used the relationships from Table 2 for the
Poisson and geometric distributions, and estimated the mean and variance in terms of the

observed sample proportion p (Appendices 4 & 5, Table 3).

---- Table 3 about here ---

Because we are given only one summary statistic (the proportion), some type of
simplification of the two parameters of the negative binomial distribution was required in
order to simultaneously estimate both the mean and variance. As shown above, we found
a strong linear association between the log of the sample variance In S* and the log of the
sample mean InY in each study condition at each time point. Estimating this relationship
via linear regression, we were able to parameterize fully the negative binomial
distribution in terms of the population proportion and thus estimate the unobserved mean
and variance as known functions of the proportion estimate. This allows us to estimate
the unobserved mean by equating the expressions for proportion in table 2 to the
observed proportion. With this assumption, the two parameters of the negative binomial
distribution can be reduced to one parameter. The resulting estimates for the mean have
no closed algebraic form. They are expressed implicitly in table 3 and can be solved
numerically for each study.

Delta method



Finally, the delta method applies only to estimation of variances, not the point
estimates of LnRRisk and LnRRate. In general, the delta method approximates the
expectation of a function by the expected value of an approximation to the function ('").
The typical application is to estimate the squared error from the mean and accordingly to
estimate the variance. Thus, the delta method addresses the lack of statistical justification
for the substitution method.

Application to empirical examples

Next we used empirical data from studies of HIV prevention interventions to
compare the performance of the resulting candidate formulas. For each of the five
approaches (interchanging risk ratios and rate ratios; regression; or method of moments
assuming Poisson, geometric, or negative binomial distributions), we calculated the mean
squared error (MSE) of the intervention effect as the average square of the difference
between the intervention effects (LnRRisk or LnRRate) as estimated by each method
versus the observed intervention effects. Similarly, we calculated the MSE of the
corresponding weight estimates as the average square of the difference between the
natural log of the estimated weight of the study by each method versus the natural log of
the observed weight of the study. We then compared the MSEs from the various methods
to determine which approaches yielded the most accurate estimates of intervention effects
(either LnRRisk or LnRRate) and weights (the reciprocal of either VarLnRRisk or

VarLnRRate). Thus,

where



E; = estimated value of LnRRisk, LnRRate, or log of weight

O, = observed value of LnRRisk, LnRRate, or log of weight
for each of 79 combinations of study by time point.

Because intervention effects from a given study at different times are not
independent, and because intervention effects at baseline cluster around the null value,
we repeated this process using results from only a single follow-up time point from each
study or subsection of each study, resulting in 25 observations. The results were similar.
Data from this subset analysis appears in two figures (3 and 5) so the data points are more
easily distinguishable.

RESULTS

The empirical count data that we found do not approximate a normal distribution.
Figure 1 shows the baseline distribution for intervention and control conditions combined
for several studies when the raw count data were available. To reduce clutter in the
figure, we truncated the data plots for the eight separate studies at 19 episodes of UAIL
When the data from these studies are combined, the counts decrease in a remarkably
consistent linear trend on this log-log scale. We used running averages to smooth the
trend as counts become sparse toward the right side of the figure. Overall, about 66% of
respondents reported 0 occasions of unprotected sex, 12% reported 1 occasion, and 6%
reported 2 occasions. Only 10% reported 5 or more occasions, 5% reported more than 10
occasions, and 1% reported more than 50 occasions. The data might be better fit by some
other parametric distribution, such as a zeta or an approximate gamma distribution, when
the number of respondents decreases consistently as the value of the count variable

. .. . . . 33
increases; we address this issue in the discussion ().



---- Figure 1 about here ---
Regression parameters from empirical studies
There were strong correlations among the observed 158 means, variances, and
proportions. The logs of the means predicted 92% of the variance among the logs of the
variances and 60% of the variance among the logits of the proportions (Figure 2).
---- Figure 2 about here ---
We summarize the various relationships between the logit proportion (logit p), the
population mean (E[Y]), and the population variance (Var [Y]), as follows, where the

quantities on the left sides are to be estimated in terms of those on the right sides.

logit(p)=1.63xIn E[Y]-0.57 xIn Var[Y]+0.04 Equation (5)
In E[Y]=1.13xlogit(p)+1.76 Equation (6)
In Var[Y]=1.80 x logit(p)+5.34 Equation (7)
In Var[Y]=1.93xIn E[Y]+2.17 Equation (8)

We assume these relationships do not differ between intervention and comparison or
across time. The R-squared values (the proportion of variance among the values on the
left hand side explained by the values on the right hand side) for equation (5) is .81, for
(6) is .60, for (7) is .38, and for (8) is .92. Equation (8) implies that the variance of the
counts in each study arm is approximately a function of the square of the mean:
Var[Y]=e*"E[Y]” =8.76E[r ] Equation (9)
Estimates of proportion given mean and variance from equation 5 can then be
substituted into equations 1 and 2 for risk ratios and VarLnRRisk for comparison to the
directly observed values. Similarly, estimates of mean and variance given proportion

from equations 6 and 7 can be substituted into equations 3 and 4 for rate ratios and



VarLnRRate. Again, these numerical estimates are not genuine variances in the sense of
statistical deviation from the mean.

To obtain regression parameters for the analyses below, we excluded one study at
a time in 19 separate iterations of each the regressions represented above by equations 5
through 8. For each study we used regression parameters obtained only from the other 18
studies, thus simulating a situation in which parameters for studies which provide only
one type of data (either count or dichotomous) must be estimated from other studies
which provide both. The resulting four series of 19 regressions differed little from the

equations shown above. For example, the coefficient of In E[Y] in the 19 iterations of

equation (8) was between 1.90 and 1.96 in all but one case (1.99). The constant was
between 2.13 and 2.24 in all but one case (2.02). These two exceptions were for different
studies. R-squared values for those 19 models ranged from 0.91 to 0.94.
Application of the transformation methods to empirical studies
Estimating the risk ratio and weight (reciprocal of VarLnRRisk) given only means,
standard deviations, and sample sizes

The MSE between LnRRisk and LnRRate was 0.34, with only a small absolute
bias of 0.02 (Table 4). But MSE between log of study weights for dichotomous versus
count outcomes was 2.58. The average bias in log weights of 1.47 indicates that study
weights for dichotomous outcomes were on average e'*’ = 4.35 times the weights for the
same studies when outcomes were measured by count variables.

---- Table 4 about here ---
When comparing values of LnRRisk estimated by various methods to the

observed LnRRisk, the regression model estimating the logit of p as a joint function of



the log of the mean and the log of the variance performed best in that it yielded the least
MSE (or the greatest precision) among the options we considered (MSE = 0.05). The
same model yielded the least MSE in estimating study weights (MSE = 0.10). Regression
also yielded only a small absolute bias for the LnRRisk (bias = 0.03) and study weights
(bias =-0.0011). Among the models that relied on the method of moments, the closest
correspondence between estimated and observed values was obtained under the
assumption of the negative binomial distribution, where the MSE was 0.09 for the
LnRRisk and 0.15 for study weights; bias was also minimal under the method of
moments with the negative binomial assumption.

To illustrate these results, we compared estimates of LnRRisk by several methods
with only means and variances provided rather than proportions (Figure 3, note
logarithmic scale; LnRRisk for two studies fall outside the range shown). On the
horizontal axis, we reported the observed LnRRisk and on the vertical axis, we reported
the observed LnRRate and two different estimates of the LnRRisk based on the observed
means and variances. Taking the study at the far left as an example, the observed
LnRRisk of -0.89 indicates a risk ratio of 0.41, or 59% fewer individuals reporting any
unprotected sex in the intervention group than in the comparison group. The LnRRate for
this study of -0.36 indicates a rate ratio of 0.70, or only 30% fewer episodes of or partners
for unprotected sex in the intervention group than in the comparison group. The estimated
LnRRisk of -0.69 obtained by way of regression estimates indicates a risk ratio of 0.52,
or 48% fewer individuals reporting any unprotected sex in the intervention group than in
comparison. Finally, the estimated LnRRisk of -0.87 obtained by way of the negative

binomial distribution indicates a rate ratio of 0.42, or 58% fewer individuals reporting



any unprotected sex in the intervention condition than in the comparison condition.
Although the negative binomial estimate in this study was closer than the regression
estimate to the observed value, on average, the best estimates of LnRRisk given only
means and variances were obtained by way of the regression estimates followed by the
negative binomial, and both performed substantially better than simple substitution of
LnRRate in place of LnRRisk.
--- Figure 3 about here ---

We can also compare estimated weights for each LnRRisk by the same methods

(Figure 4). Substitution of the weight of the LnRRate yields estimates that are mostly

much smaller than the observed weight of the LnRRisk. For example, the observed
weight of the LnRRisk for the study at the far right of the graph is 2392 (~ ¢”*), while

the observed weight of the LnRRate is only 139 (~ e*’); the discrepancy is a factor of
over 17.

The regression approach yields values that much more closely approximate the
observed weights of the LnRRisk. By this method, the weight estimated for the same
study is 1125 (=~ '), which is off by a factor of 2.1. Estimates of weight based on
substituting proportions obtained from the method of moments assuming an underlying
negative binomial distribution are also closer to the observed weights. By this approach,
the estimated weight of the same study is 880 (~ e**), which is off by a factor of 2.7.

--- Figure 4 about here ---
Estimating the rate ratio and weight (reciprocal of VarLnRRate) given only proportions

and sample sizes



As has already been observed, the MSE between LnRRate and LnRRisk was 0.34,
with only a small absolute bias of 0.02 (Table 5). When estimating LnRRate, essentially
the same MSE and bias were observed for each of the four alternative methods
(regression or method of moments assuming Poisson, geometric, or negative binomial
distributions) as for the naive first procedure. When estimating study weights, the
regression model yielded the least MSE (0.32) and bias (0.06). Among the models which
relied on the method of moments, the closest correspondence for study weights was again
obtained under the assumption of the negative binomial distribution, when the MSE was
0.38 and bias was 0.07. Thus for the purpose of estimating LnRRate given only
proportions, none of these approaches improved on simply substituting the LnRRisk, but
the weights for the LnRRate metric were estimated much more accurately by regression
or by the method of moments assuming a negative binomial distribution than by
assumption of a Poisson or geometric distribution.

--- Table 5 about here ---

To illustrate these results, we compared estimates of LnRRate by three methods
with only proportions provided rather than means and variances (Figure 5, note
logarithmic scale). In this figure, the negative binomial estimates are very similar to the
observed LnRRisk (not the observed LnRRate). The Poisson and geometric estimates
(not shown) were always between the observed LnRRisk and the regression estimate of
LnRRate, with the regression-based estimate always farthest from the null value of zero
on the vertical axis. As an example, the LnRRate of -0.97 observed for the leftmost study
indicates a rate ratio of 0.38, or 62% fewer episodes of or partners for unprotected sex in

the intervention group than in the comparison group. The LnRRisk for this study of -0.18



indicates a risk ratio of 0.83, or only 17% fewer individuals reporting unprotected sex in
the intervention group than in the comparison group. The estimated LnRRate of -0.37
obtained by way of regression estimates indicates a rate ratio of 0.69, or 31% fewer
episodes of or partners for unprotected sex in the intervention group than in comparison.
Finally the estimated LnRRate of -0.21 obtained by way of the negative binomial
distribution indicates a rate ratio of 0.81, or 19% fewer episodes of or partners for
unprotected sex in the intervention condition than in the comparison condition; this value
is similar to the risk ratio (not the rate ratio) of 0.83.

--- Figure 5 about here ---

We can also compare estimated weights for each LnRRate by the same methods
(Figure 6). The pattern is essentially the reverse of that observed for estimated weights of
LnRRisk. Substitution of the weight of the LnRRisk yields estimates that are mostly
much larger than the observed weight of the LnRRate. The observed weight of the
LnRRate for the study at the far right of the graph is 149 (= ¢’°), while the observed
weight of the LnRRisk is 1346 (= e’?); therefore simple substitution of the LnRRisk
weight in a meta-analysis of LnRRate would result in this study being weighed 9 times as
heavily as it should be, based on the sample means and variances.

--- Figure 6 about here ---

The regression approach yields values much closer to the approximate observed
weights of the LnRRate. By this method, the weight estimated for the same study is 137
(=~ e’?), which is too high by only 37%. Weights estimated by substituting means and

variances obtained from the method of moments assuming an underlying negative



binomial distribution are also close to the observed weights. By this approach, the

estimated weight of the same study is 282 (= ), which is off by a factor of about 1.9.
The regression approach to estimating weights for the LnRRate can be simplified
(and improved according to one criterion which we explain below) because the exponent
of 1.93 (see equation 9) in the numerator of each term of the variance of LnRRate
(equation 4) approximately coincides with the exponent of 2 in the denominator. This
relationship implies that among the studies at hand, estimates of weight by this method

are almost independent of the estimates of means and variances of the individual

responses.
A VarY VarY.
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Note that 4" /4* = " is close to 1 across a wide range of values of /2 . In the
studies we identified, the mean ranges from 0.0625 to 13.8, so 2" ranges from .82 to
1.20. If we evaluate " at the median 3.1 of all j (regardless of treatment condition)

then 4% ~3.1” =1.08and
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When we apply this approach in equation (11), the MSE for weight is 0.42 and
the absolute bias is 0.07, not quite as precise as the MSE of 0.32 and bias of 0.06 for
regression by equation (10) in Table 5. (In both cases we use the series of 19 regressions
excluding one study at a time.) The weight estimated for the farthest right data point is

112, or 24% less than the observed weight of 149, but for most of the extreme values,



substitution of the geometric mean as in equation (11) results in more precise estimates
than equation (10). Because the previous estimates for the highest weights were too high,
and for the lowest weights too low, it may be preferable to admit some imprecision
among the studies with more nearly average weights in order to improve the precision of
and reduce the discrepancy between the estimates of extremely high or low weights.

An advantage of both equations (10) and (11) for estimating the variance of the

log rate ratio is that they rely only on the relationship between Var Y and /2, and not on
their relationship to p . Thus the necessary parameters for estimating weights for

LnRRate for studies that provide only proportions can be estimated from a regression
including all studies which provide means and variances, regardless of whether they also
provide proportions. Nevertheless, these weights are estimated from quantities which
estimate the variance that would have been obtained if the sample means and variances
had been provided, rather than from bona fide estimates of variance.
The Delta Method

Finally, we also applied the delta method to estimate variances. Derivations are
provided in Appendices 6 and 7.
Delta method to estimate weight for LnRRisk given means and variances

Figure 7 shows weights for LnRRisk (given means and variances) obtained by
way of the delta method assuming Poisson, geometric, or negative binomial distributions
(as contrasted against figure 5, which shows weights for LnRRisk by way of the
substitution method). First we recall that substitution of the weight of the LnRRate yields
estimates that are much smaller than the observed weight of the LnRRisk, for example by

a factor of about 18 for the data point at the far right represented by a dash. By contrast,



the delta method assuming an underlying geometric distribution yields weights that are
much greater, and the delta method assuming an underlying Poisson distribution yields
weights that are vastly greater, than the observed weights. Again, taking the study at the

farthest right as an example, the estimated weight, assuming a Poisson distribution, of

e™’is e = ¢* or over a billion times the observed weight. If a geometric

12.1-7.8 — e4.3 or over

distribution is assumed, then the estimated weight is e'>', which is e
70 times the observed weight. The unrealistically large weights (and small variances)
reflect the fact that these distributions are poorly suited to our count data, but if we
assume a negative binomial distribution, then the estimated weight for this study (as well
as all the other studies in this figure) is very close to the observed value for the LnRRate
but not for the LnRRisk.
--- Figure 7 about here ---

Delta method to estimate weight for LnRRate given proportions

Figure 8 shows weights for LnRRate (given proportions) obtained by way of the
delta method assuming Poisson or geometric distributions, or assuming the associations
obtained by way of regression in Appendix 7 (as contrasted against figure 6, which shows
weights for LnRRate by way of the substitution method). Recall that substitution of the
weight of the LnRRisk yields estimates greater than the observed weight of the LnRRate,
for example by a factor of 1346/149=9 for the data point at the far right represented by a

dash. In this case, application of the delta method estimated weights closer to the

observed values. In the study at the farthest right, the estimated weight, assuming a

Poisson distribution, of 514 (z e“) is about 3.5 times the observed weight of 149. If a

geometric distribution is assumed, then the estimated weight is 224 (z e ), which is only



51% greater than the observed weight. Weights estimated by the delta method assuming

the associations obtained by way of regression were similar to those obtained under the
assumption of a geometric distribution, for example 214 (z 65'4) for the study at the far

right. Since we are given only one parameter, we did not attempt the negative binomial
assumption, which would require two parameters.
--- Figure 8 about here ---

Summary of results from delta method

Estimates of weights from the delta method for LnRRisk assuming an underlying
negative binomial distribution were so small that the contribution of such studies to a
meta-analysis would be negligible. Estimates of weights for LnRRate assuming either a
Poisson or a geometric distribution were greater than the observed values; therefore they
would assign greater weight to studies that provided less information. Since neither of
these results was satisfactory for the purpose of meta-analysis, we did not compare these
weights to those obtained by other methods.

DISCUSSION

These derived methods for estimating risk ratios given only means and variances,
or rate ratios given only proportions, are useful for meta-analysis of randomized trials,
when risk ratios and rate ratios may be preferred over odds ratios and standardized mean
differences.

Compared to simply interchanging LnRRisk with LnRRate, regression and the
method of moments assuming a negative binomial distribution provided substantial
improvements in estimates of LnRRisk. MSE was reduced from 0.34 to values of 0.05 or

0.09. Bias in estimates of LnRRisk estimates was small. By contrast, the same methods



yielded no improvement in precision of estimates of LnRRate over simple substitution of
LnRRisk.

Estimated values of weight were greatly improved for both directions compared
to naive substitution between the LnRRisk weight and the LnRRate weight. MSE for
simple substitution in either direction was 2.58 on the log scale in a sample with the
median log weight LnRRisk at 3.80 and the median log weight LnRRate at 2.12. MSE for
log weight LnRRisk was reduced to 0.10 by regression estimating proportion as a
function of mean and variance and to 0.32 by the method of moments assuming a
negative binomial distribution. MSE for log weight LnRRate was reduced to 0.32 by
regression estimating both the mean and variance as functions of the proportion and to
0.38 by the method of moments assuming a negative binomial distribution.

Given these results, the best fit in either direction was obtained by way of
regressions or by the method of moments assuming a negative binomial distribution. If a
sufficient number of studies are available and the associations among means, variances,
and proportions are strong, then regression may be the simpler solution to apply. The
negative binomial fit can be quite complicated, particularly in the case of transformation
from means and variances to proportions. Numeric solutions involving the regression
assumption that Var[Y] is a function of E[Y] are necessary not only to estimate the
VarLnRRate but even to estimate the LnRRate itself.

For estimation of LnRRisk and associated weights given only means, Var[Y], and
sample sizes, the regression approach and the method of moments assuming a negative
binomial distribution both provided minimal MSE and variance. The negative binomial

approach can provide satisfactory estimates even if the research base does not provide



enough primary studies for confident estimation of regression parameters needed for
equation (5).

For estimation of LnRRate and associated weights given only proportions and
sample sizes, a simple ad hoc solution is to substitute LnRRisk for the missing LnRRate
and to take advantage of the relationship shown in equation 10 or 11 for the weights. This
strategy is particularly convenient because it does not require regression of E[Y] and

Var[Y] on p . Instead, only regression of LnVar[Y] on LnE[Y] is required. If the

coefficient ﬁl for LnE[Y] is close to 2, then ,u[" / 4 can be evaluated at the geometric
mean of 4 for estimating the variance by equation (11).

In the studies for which the individual-level data were available, there was a
strong linear relationship between the log of the number of episodes of or partners for
unprotected sex (plus one) and the log of the number of men giving that response. The
log-linearity is not captured by any of the parametric distributions we have used. In fact,
it suggests that the count data might be modeled well by the so-called zeta or zipf
distribution. Zeta is characteristic of count distributions where discrete items are listed in
descending order of frequency. For example, in typical English text, the most frequently
occurring word is “the,” followed by “a,” “and,” and “of” (reference). When listed in
descending order, these frequencies tend to follow a zeta distribution.

However, there are several difficulties in trying to implement this approach. First,
zeta distributions often do not admit a finite population mean or variance depending on
the value of the underlying parameter. Any attempt to model the count data by a

parametric distribution partly comprised of a zeta distribution may produce a parameter

estimate which precludes a finite variance or a finite mean, rendering useless our



previous technique of expressing proportion as a function of population mean and
variance. Second, the sample geometric mean, not the arithmetic mean, is the sufficient
statistic for the zeta distribution parameter. Thus, studies reporting the arithmetic mean
do not provide a summary statistic of any utility for a zeta count data model.

There are several limitations to the illustrations we have undertaken here. Perhaps
most importantly, the estimates of variance which result from the substitution process are
not actually the variance of the LnRRisk given only means and standard deviations, or of
the LnRRate given only proportions. Instead they represent an attempt to estimate the
variances that would have been observed for the LnRRisk if the proportion had been
reported, or for the LnRRate if the means and standard deviations had been reported. In
addition, some of the example studies used in these analyses were group-randomized
trials; for this illustration we ignore the effect of intraclass correlation. Finally, these
analyses focus on transformation only at a single time point; therefore they ignore
baseline to follow-up correlations within each individual. Several approaches have been
suggested for addressing correlation within subject across time and baseline differences
in the outcome variable between treatment groups (** * ).

While the substitution approach for estimating variances of intervention effects
has limitations, it did provide estimates which tended to closely approximate the
observed values. A statistically valid approach to estimating variances should be to
assume a parametric distribution for the count data and to apply the delta method by
using the relationship between the mean and proportion specified by that distribution, but
the delta method yielded variances (and weights) which did not approximate the observed

values.



Consequently, we tried a variety of methods to estimate proportions from means
and variances and vice versa. None was completely satisfactory: methods which appear
to yield comparable weights for both sets of measures are not statistically valid, whereas
attempts at a statistically rigorous approach gave weights for one metric which were not
of the same numerical order as those for the other, making it difficult to combine the
results in a meta-analysis.

A further complication occurred when we had to assume an underlying parametric
distribution of our count data in order to estimate proportions from directly observed
sample means and variances (and vice versa). Ignoring the fact that none of the workable
distributions we explored accurately represents the count data in our studies, there is an
inherent problem in that we are trying to compare a set of studies whose estimates and
standard errors have been indirectly calculated using the delta method on the premise that
the count data follow a specific parametric distribution, with another set of studies, whose
metrics have been calculated by non-parametric techniques. This sometimes leads to the
counter-intuitive result that the indirectly observed estimates are more efficient (have
greater weight) than the directly observed ones. For example, in estimating proportions
from means and variances, if we assume an underlying geometric distribution, the
proportion estimates are necessarily functions of the sample mean, and the latter is the
maximum likelihood estimator (MLE) for the population mean. It follows that the
proportion estimate based on the sample mean is the MLE for the population proportion.
As MLEs are asymptotically efficient, this estimator should outperform any other, in
particular the non-parametric one (proportion of observed counts above the cut-off

threshold), in terms of variance. Hence, the weights from this approach will be greater



than those for the substitution approach. Conversely, if we assume the count data follow
the two-parameter negative binomial distribution, then, unlike the sample mean, the
sample variance is not the MLE for its population counterpart. Accordingly, estimates of
proportion based on these are not efficient, and this is reflected in the fact that the
weights of these estimators are less than those of the non-parametric estimators.
Unfortunately, while the negative binomial has the appeal of producing good point
estimates and weights for the directly observed metrics, thus appearing to penalize the
indirectly estimated metrics with lower weights, the latter are so low as to have negligible
effect in a meta-analysis.

Delta methods have previously been used in meta-analysis for comparing the odds
ratio and standardized mean difference, based on the assumption that the data are normal
7,4, A simple approximation to these methods is described in Chinn (). Although
Chinn’s method is often used for comparing odds ratios and standardized mean
differences in count data studies, we maintain that this practice is inappropriate because it
is an approximation to a delta method based on normality and because count data such as
ours are patently non-normal owing to their skewness. We could not perceive an analogy
to Chinn’s approximation for our purposes of comparing risk ratios and rate ratios and we
resisted applying a delta method, as in Whitehead and Suissa, predicated on normality.
Chinn's method works because of the fortuitous coincidence that the standard logistic
distribution, which arises naturally in the context of odds ratio, is very close to a scaled
version of the standard normal. We could discern no comparable link in the case where
LnRRisk is the measure of interest. In one sense, the direct analogy to the work of

Whitehead and Suissa is our negative binomial delta method. We note that in simulations



of normal data (not shown here), we found the Whitehead and Chinn weights for odds
ratios calculated from observed means and variances considerably more efficient than the
non-parametric weights for directly observed odds ratios, depending on the cut-point.
This is not apparent in Chinn’s paper as cutpoints are ignored for simplicity, but it does
reflect our previous observation that estimates based on MLEs will be more efficient than
alternatives.

The substitution approach has the appeal of yielding comparable weights in both
sets of studies. Although it is arguably in the spirit of meta-analysis, it has no statistical
justification. It calculates point estimates by assuming an underlying parametric
distribution, yet estimates standard errors by applying the non-parametric method. Thus,
it is neither coherent in its association of standard error with estimate, nor does it penalize
those indirectly calculated estimates with larger standard errors. We leave it to the reader
to judge its merits.

The regression techniques suffer the same inconsistency and lack of statistical
rigor. However, they represent an empirical attempt to reproduce the count data patterns
from those studies providing both proportions and means and variances.

Results for the Poisson distribution under the method of moments correspond to
equations previously shown (*°). Our results add the geometric and negative binomial
distributions to the list of transformation formulas. In other analyses not presented here,
we also derived formulas by way of the method of moments assuming the zero-inflated
Poisson and zero-inflated geometric distributions, but results were less satisfactory. In
zero-inflated models, some proportion of subjects are assumed not to be at risk, while the

rest of the subjects take on outcome values following a count distribution such as



[40 41]. Among the three 2-parameter

Poisson, geometric, or negative binomial
distributions considered (negative binomial [not zero-inflated], zero-inflated Poisson, and
zero-inflated geometric), the negative binomial distribution was the most satisfactory,
presumably because it is the most flexible. Zero-inflated models require that the direction
of discrepancy from the Poisson or geometric models be toward excess zeros; instead the
greater degree of discrepancy from the negative binomial model in our data was toward a
small number of very large values. We did not consider the zero-inflated negative
binomial distribution because it requires three input parameters, and the available data for
these scenarios include only two (the mean and variance). The third moment, the
skewness, is rarely if ever reported; therefore solutions based on the zero-inflated
negative binomial distribution would not be useful.

This brings us to a practical observation that HIV prevention interventions for
MSM might do well to focus more effort toward the small proportion of men who report
the most unprotected sex. We also note that for any given number of occasions of
unprotected sex, the capacity of a community to maintain an epidemic would seem to be
lower if most members are mutually monogamous than if each unprotected occasion is
with a different partner. For this reason, the number of different partners for any
unprotected sex has substantial intuitive appeal as a primary outcome target for these
interventions.

In conclusion, it would be most beneficial for researchers to measure and report
dichotomous unprotected sex as well as number of occasions of and number of partners
for unprotected sex as three separate outcomes. Similar precautions likely apply to other

areas of health promotion that focus on reducing a number of risk events toward zero,



such as smoking cessation (number of cigarettes) and drug abuse treatment (number of
injections). When the wider range of preferred information is not provided, some method
of substitution of the available but limited information may be necessary if information
from all studies is to be combined and compared in a single meta-analysis, in which case

the methods described above may be useful.



Table 1. Four types of outcome metrics, either for randomized controlled trials or as

required by the Chinn method.

32

Type of Outcome
Dichotomies Means
RCT

Risk Ratio = van Rate Ratio = A
P, H,

Chinn method 1- —
Odds Ratio = M SMD = oA

b, (1 - D ) o

RCT = randomized controlled trial

SMD = standardized mean difference

p,= proportion reporting 1 or more occasions in the intervention condition
p,= proportion reporting 1 or more occasions in the comparison condition
M, = mean number of occasions in the intervention condition

M,= mean number of occasions in the comparison condition

o = pooled standard deviation of occasions in both conditions



Table 2. Mean, variance, probability function (pf), and estimate p of the proportion at high risk given only observed mean Y and

variance S°under three distributional assumptions. Support for all distributions is y =0, 1, 2 .... Expressions for mean, variance, and

pmf are given; derivation of estimates of p is provided in Appendix 2.

Distribution Mean Variance Probability Proportion p Where
function at high risk
Poisson Yo H ) _
7 7 £ e p=v
!
Geometric l-g l-g . 1
—= 1-g) 1- g =—=
. = gli-g) g =17
Negative 4
g= F
binomial k(l—g) k(l—g) (y+k—1)' k( g)y AR
: 0k —1)! I- _
g g y . 72
k=—-—=
-Y




Table 3: Estimation of mean and variance given only observed proportion p at high risk.

Derivations are provided in Appendix 4.

Distribution Mean Variance
Poisson —In(1- p) —In(1- p)
Geometric p p
1-p (1-py
Negative ~af(1 n
£t where In(1-p)= Zat - f)b)ln’tf al e i1’
binomial* eH —H

* with the further assumption that Ln Var[Y ] = bLnE[Y]+ a in order to reduce the 2-

parameter negative binomial distribution to 1 parameter.



Table 4. Mean squared error (MSE) and bias in estimates of LnRRisk and log of weight
of LnRRisk given means and variances but not given proportions at 79 time points in 19

studies of HIV prevention for men who have sex with men.

Method for estimating proportion LnRRisk Log of weight
LnRRisk
MSE | Bias | MSE | bias

Identity* 034 ] 0.02| 2.58| -1.47
Regression** 0.05| 0.03| 0.10| -0.001
Method of moments

Poisson 0.13 | 0.10 | 32.81 4.61
Geometric 0.11} 0.09 | 3.17 1.64
Negative Binomial 0.09 | 0.01| 0.15] -0.09

* Assuming that LnRRisk = LnRRate and VarLnRRisk = VarLnRRate

** Assuming that In E[Y']=1.13 xlogit(p)+1.76.



Table 5. Mean squared error (MSE) and bias in estimates of LnRRate and log of weight

of LnRRate at 79 time points in 19 studies of HIV prevention for men who have sex with

men.
Method for estimating LnRRate from p, and p, LnRRate Log of weight
of LnRRate

MSE | bias | MSE | Bias

Identity* 034 -0.02| 2.58| 147

Regression** 0.34| -0.08 | 0.32| 0.06

Method of moments

Poisson 033 | -0.04| 1.82] 1.22

Geometric 0.34| -0.07| 1.28| 099

Negative Binomial*** 0.36 | -0.02| 0.38| 0.07

* Assuming that LnRRate = LnRRisk and VarLnRRate = VarLnRRisk

** Assuming that In E[Y]=1.13 xlogit(p)+1.76 and In Var[Y']=1.80x logit(p)+ 5.34

*#% Assuming that Var[Y]= > E[Y ]



Figure Titles

Figure 1. Distribution of count outcomes at baseline in eight example studies of HIV
prevention for men who have sex with men (up to count of 19) and sum across all eight
studies (up to count of 150), with smoothed running averages in intervals.

Figure 2. Logit of proportion and natural log of variance by natural log of mean in 158
combinations of treatment condition by time in 19 studies of HIV prevention for men
who have sex with men.

Figure 3. Observed LnRRate and estimates of LnRRisk by observed LnRRisk from 23
comparisons in 19 studies of HIV prevention for men who have sex with men (two
additional data points are outside the scale of this figure).

Figure 4. Natural log of observed weight of LnRRate and estimates of weight of LnRRisk
by observed weight of LnRRisk at 79 time points in 19 studies of HIV prevention for
men who have sex with men.

Figure 5. Observed LnRRisk and estimates of LnRRate by observed LnRRate from 23
comparisons in 19 studies of HIV prevention for men who have sex with men (two
additional data points are outside the scale of this figure).

Figure 6. Natural log of observed weight of LnRRisk and estimates of weight of LnRRate
by observed weight of LnRRate at 79 time points in 19 studies of HIV prevention for
men who have sex with men.

Figure 7. Natural log of observed weight of LnRRate and estimates of weight of LnRRisk
(from the delta method) by observed weight of LnRRisk at 79 time points in 19 studies of

HIV prevention for men who have sex with men.



Figure 8. Natural log of observed weight of LnRRisk and estimates of weight of LnRRate
(from the delta method) by observed weight of LnRRate at 79 time points in 19 studies of

HIV prevention for men who have sex with men.



Appendix 1: Estimating the usual variance of LnRRisk and LnRRate by the delta

method

Let X be a random variable with sample size n for which
d
Jn(x -0)>N(0,5?)

d
where @ and o are finite valued constants and — denotes convergence in distribution

as sample size n increases. By the delta method:

d
Jnlg(x)-2O]]> Mo.o [ O)F )
The variance of g(X) with sample size n can then be estimated as o [g'(0)]’ / n.

Binomial distribution and the variance of LnRRisk given sample proportions

Suppose X is Binomial with parameters p and 7. Since

\/;(K _ pj SN0, p(1- p))

n

Then, by the delta method with g(6)=log(é), then g'(#)=1/0and

Jﬁ{log(Xj - log(p)}iN(O, p(i-p)1/ p) )= N( =1_—pja

n P

_p.
np

. X)) . : 1
the variance of log| — | is approximately
n



If p,and p,are estimates from independent samples of sizes n, and n, respectively, then
the logarithm of the estimated relative risk p,/p, is approximately normally distributed
with variance that can be estimated by

1_{31 + 1_{72 )
n,p, n,p,

The meta-analytical weight is then the reciprocal of this variance:
1

1_?1 + 1- {52
n p, n,p,

The variance of LnRRate given sample means and variances

Suppose X is a count variable of an unspecified distribution with mean  and variance o .

By the Delta method with g(#)=log(6), then g'(6)=1/0and

ﬁ{log(%)—log(u)}iN[O,Z—i],

VarlX]

. X . : Ve
the variance of log| — | is approximately >
n nu

If j1,and j1,are estimates from independent samples of sizes n, and n, respectively, then
the logarithm of the estimated relative rate £, //, is approximately normally distributed
with variance that can be estimated by

varlx,] varlX,]

-2 ~2
nH n,H,




The meta-analytical weight is then the reciprocal of this variance:

1
var| X, | s var| X, |

) ~2
n n, 1,
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Appendix 2. Expressing the parameters of each distribution in terms of mean and

variance

In the first series of scenarios, we are given the mean Y and variance

n 2

1 = . . A .
§? = —Z (Yl -Y ) and we need to estimate the proportion p . Expressions for the mean
1z

and variance in terms of the parameters of each candidate distribution are well known and
are provided in Table 2. The following steps show the algebra used to reverse these
formulas to express the parameters of each distribution in terms of the mean and
variance, as shown in the far right column of Table 2.

Poisson distribution:

From E[Y]|= u, we obtainp =1—¢™* =1- e ElY]
Geometric distribution:
l-g . 1 . .
From E [Y ] =——= , we obtain g = and substitute intop =1—g
g E[Y]+1

Negative binomial distribution:

First express g in terms of E[Y]andVar[Y]:

E[r]= (i-g) HAL

Var|Y]= ) #A2

#A3

#A1 divided by #A2 gives g = VE

Now express k in terms of E[Y]andVar[Y]. From #A1 and #A3:



[v] *[r]
e ) b

These expressions for g and k can then be substituted into the expression p =1—g*
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Appendix 3. Expressing method of moments estimates of proportion in terms of
mean and variance under each assumed distribution

We define the population proportion p =1— P[Y = 0]. For each distribution, the

population proportion p has now been expressed in terms of E[Y] and Var[Y] in

Appendix 1. Now the method of moments estimator p for proportion is obtained by
replacing E[Y] and Var[Y] in those expressions for p by their method of moments
estimators, ¥ and S’ respectively to obtain the expression for p for each distribution as

shown in the rightmost column of Table 2.

Poisson distribution:

From appendix 1 we have p =1—-e™* whereu=E [Y ]

Therefore p=1-e* where 1 =Y

Geometric distribution:

1
From appendix 1 we have p =1— g where g =
pp p 4 g E[Y]+ 1
R . R 1
Therefore p =1—g whereg = =——
Y +1

Negative binomial distribution:

E’[Y]
Var[Y]- E[Y]

From appendix 1 we have p =1—g* where g = E[Y] andk =
Var[Y ]

_ 7
S?-Y

Therefore p =1- g”g where g = % and k =



Appendix 4. Expressing the population mean and variance in terms of proportion p
In the second series of scenarios, we are given the proportion p and we need to estimate
the mean and variance. We begin with the expressions for the population proportion p
and the parameters of each distribution in terms of the mean and variance as shown in the
two rightmost columns of Table 2. The following steps show the algebra used to reverse

these formulas to express mean and variance in terms of proportion.

Poisson distribution: Given p = 1—e™* where u = E[Y],

then In(1 - p)=—u and therefore

E[Y]=Var[Y]= p=—-1In(1 - p)

Geometric distribution: Given p =1— g whereg = E[Yl]+1 , then
E[Y]= g __» and
g Il-p
1-g p
VarlY |= =
Y] PR
Negative binomial distribution:
E[Y] E’[Y]
F =1-g" wh = dk =
B B N 7 1 N 7 g I g

we obtain 1— p = g”, so that

E’[y] Elr] | _ E*[Y][Ln(E]Y])- Ln(var[Y])]
Lnfl=p)=HLnlg) = VarlY]- E[Y] Ln( Var[Y]] B Varly]- E[Y]

If we assume Var[Y | = e E[Y] with a and b assumed known, or estimated from

regression parameters as described in the text, then:



_ 20 pn(E]Y) -]

Lall=p) e“E"[Y]- E[Y]

There is no closed algebraic form for E[Y] from this last formula, so solutions must be

obtained numerically.
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Appendix 5. Expressing the population mean and variance in terms of the
population proportion p, and then present the method of moments estimators of
these by replacing p by p

Poisson distribution:

From appendix 3 we have F [Y ] = Var[Y ] =u=-In(1-p)
Therefore
E[Y]=Var[Y]= ft=~In(1- p)

Geometric distribution:

From appendix 3 we have

Var[Y]z I-¢ =2

g__ b
2 (1—[5)2

Negative binomial distribution:

From appendix 3 we have

_ E'[Y][(-b)Ln(E]])- o]

Lnll=p) e"E'[Y]- E[Y]

Thefore



_ )72[(1—b)Ln()7)—a]

ll=P)=—" 5y

A numeric solution must then be obtained for ¥ given p
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Appendix 6: Delta method to estimate variance of LnRRisk given means and

variances

Here we apply the delta method to estimate the variance of the LnRRisk as described in
Appendix 1, but with the assumption that we are given only means, variances (instead of
proportions), and sample sizes. The underlying count variable is assumed to be
distributed as either Poisson, geometric, or negative binomial, and the proportion at

higher risk p is estimated under each distribution as shown in Table 2.

Estimation of the variance of LnRRisk assuming Poisson distribution of the underlying

count variable

We want to estimate the variance of In p = In(1— P[Y = 0]) = ln(l —e ) = 1(2)
By invariance, the MLE is ln(l et )which is estimated as ln(l - ej)

For the delta method we take the function f (t) = ln(l - e_’)

1,1

The derivative of this function is f'(1)= T —

So by the delta method:

Jnlr(2)- s P No.ALr )

Jalinli— &)~ mnf1— )| N(O, e ’i 7 ]



A

Thus the variance of ln(l —e ) is approximately

n(eﬂ - 1)2

_r
n(e)7 - 1)2

Estimation of the variance of LnRRisk assuming geometric distribution of the

which is estimated by

underlying count variable
We want to estimate the variance of

Inp= ln(l - P[Y = O]) = ln(l - g)

By invariance, the MLE isIn(1 - g)which is estimated as ln( YY ](from Table 2)

+1

We define proportion=7=1-g=1- L _#
u+l  u+l
Inz = ln,u—ln(,u+1)
. e ., 1-g /2
The variance of the geometric distribution is o~ = e = (1 - ”)2 =u (,u + 1)

For the delta method we take the function

t+1

70)= m(Lj = In()=In(r +1)

=t

¢ 1+l t(t+1)

So by the delta method:
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n(7 ~ )5 N(0.0%) o’ = u(u+l)

Jn(In7 —1n ﬂ)i) N(O, [£(e)] 02)

Thus the variance of In7 is approximately = %x —[# (,u1+ F p(pu+1)= ” (/IJ "y

1
which is estimated by ﬁ_—)
nYY +1

Estimation of the variance of LnRRisk assuming negative binomial (NB) distribution
of the underlying count variable
2y

From standard theory (

\/;{ I anz(o,z),

2
S*—o

2
o
where Z={ #s 4}
Hy H3—O

and u, = F [(Y - ,u)kJ is the kth central moment. As the result is asymptotic, S° can be

either the unbiased sample variance or the 1/n version.

For NB with support {0, 1, 2, ...} and mass function

1. TO+y) 0w
A== 00 e ap

with pz@/(9+y), we have E[Y]z,uz@q/p, Var[Y]za2 =,u+yz/9:6’q/p2.



The skewness is

o Jog
giving
My = ,u(l + %)(1 + %lj
The excess kurtosis is
E\Y-p)] ,_6, P
o 0 \/Q_q ’

giving
1 3
ot =p 1+ E 1+ 2u | 14— || 1+ 2 |].
e =15 1) 143

It follows that, for NB, the above asymptotic result takes the form

where X :,u(1+%j 5 ] 3
1+22 1424 1+—] 1+—j
0 0 0

1
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4
Now P[Y =0]= [ ] and the method of moments estimates for the

0+ u

parameters are

5o that the MM-derived estimator for proportion 7z = P[Y > 0] is

v 7?/(s*-¥)
7% = 1 - (Fj .

To get the asymptotic variances of the log of this estimator, we apply the delta method

with the function

flu,v)= log{l - (%j“%u)}

to get

d

Jn(log# —logz)— N, (0,72),

2 fu
= s Jy Z 5
> =[f, f.] M

o
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where f, = & cte partial derivatives are evaluated at (u,v)= (,u,o'2 ) Thus, 7°/n is the
u

asymptotic variance of log 7 .



The partial derivatives are:

_[ujuz/(vll)
2
= v xi{ u (logu—logv)}

(ujuz/(v‘”) ou|v—u
-1 =
\

=1- ! [u(zv_u)(logu—logv)Jr

(v—u) vfuJ

) (u]uz/(v—u)
2
f, = d xi{ “ (logu—logv)}

(u]“z/(v‘“) ov |v—u
1-|*
N

1 u’ u’
=|1- - | -1 -
(™ [t e

Evaluated at (u,v)= (u, o’ ), these become

fu:(l—n-l)”(z“—z_“)(logiz}r = ]

o —u) \ ot ot u

o (o)
e )

In summary, the asymptotic variance 7° / n of log 7z is given by



2 fu
= ,vz
[ f] {f

v

}=fu2A+2fuva+ffC,

where

and f, , f, are as above.

To estimate 7> from the data, calculate 7> by replacing (,u, 0'2) by the method of

moments estimator (17 ,S? ) .

We did not investigate the delta method for estimation of proportions from the
means and variances from regression, because it would require distributional assumptions
on the sample mean and variance and would therefore involve another two-dimensional

delta method.

Empirical application of these three results (Poisson, geometric, and negative

binomial) is shown in Figure 7.



Appendix 7: Delta method to estimate variance of LnRRate given proportions

Here we apply the delta method as described in Appendix A, but with the
assumption that we are given only proportions and sample sizes for each condition. For

the first derivation below, we assume a linear association between In x and logit( p). For

the second and third derivations, the underlying count variable is assumed to be
distributed as either Poisson or geometric, and the mean and variance are estimated from
the proportion under each distribution as shown in Table 3. We did not conduct this
process with an assumption of an underlying negative binomial distribution because that

process requires two input parameters and we have only one (the proportion).

Estimation of the variance of LnRRate assuming a linear association between In u and
logit (p)
flnu=ax logit(p)+ b
(for example equation 6 indicates that a=1.13 and b=1.76 in the studies we located), and
assuming this relationship is the same for both control and intervention groups, then
InRR=Inyu, -Inyu. =ax [logit(p,)— logit(pc )] =axInOR

(the bs cancel out)
So an interesting consequence of this linear assumption is that LnRRate is a constant
factor a times the log odds ratio (LnOR). Since a is constant, the delta method asymptotic
variance estimate is therefore

VarLnRR = a* xVarLnOR

2( 1 1 1 1 J
=a + + +
npr n (1 _pl) RePc nc(l_pc)




in other words, a” times the usual sum of the reciprocals of the cell counts.

Estimation of the variance of LnRRate assuming Poisson distribution of the

underlying count variable

We need a variance for In u

By the Central Limit Theorem (CLT):

Jn(p- ﬂ)—d)d((), z(l-x)) where p= zil[Yi >0]/n

L1
—In(l-¢) 1-¢

Let f(¢)=In[-In(1—¢)] so that £'(t)=

and f(7l')= In £ since p=-In (1 —m).

d

By delta method: n(f(p)- f(z))>N(0. [£/(z)f z(1- 7))

~In(l-7z) 1-7x

d 2
So \/;(ln(— ln(lp))ln,u)_)N[O,( : X ! ] Xﬂ(lﬂ)}
Thus the variance of In(p) is approximately

(_m(i_ﬂ)jlefﬂ

2 A
which can be estimated by ! — | x P -
~In(1-p)) 1-p

Estimation of the variance of LnRRate assuming geometric distribution of the

underlying count variable
Define proportion =7 = 1-g

U P s
SOpU=——
a1l T,

=
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f(£)=1n(r)-In(1-1) f'(f)sz::m
By CLT:
\/;(]A?—ﬂ')—d)N(O, 0'2) o’ =z(l-r)

Jn(lnz-Inz)—>d - N(O, [f’(,u)]zaz)

Thus the asymptotic variance is approximately

2
1 , 2 » 1 1 1
- =—X|—— l-7)=—7F——
nx[f(”)] xo nx|:72'(1—71')j| xal-x) nr(1-7)
which can be estimated by — ! —
np (1-p)
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Application of these three results (regression, Poisson, and geometric) is shown in

Figure 8.
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Figure 5. Observed Ln Risk Ratio and Predicted Ln Rate Ratio by Observed Ln Rate Ratio
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Figure 6. Ln Observed Weight Ln Risk Ratio and Predicted Weight Ln Rate Ratio

by Ln Observed Weight Ln Rate Ratio

[0 ¢]

¢ Observed weight Ln Risk Ratio ¢
. . . . . .
O Negative Binomial weight Ln Rate Ratio t B4
X Regression-based weight Ln Rate Ratio . ¢
6 O Regression weight Ln Rate Ratio using geometric mean o)
- . o gro
—y=X 2 2
. ¢ o % O
0. * . * X
4 P 4 .
AR IR A . » o
o o ’,"000“. o %, o
O
* ?
o _0O R
. X 8 d% mxo R
* O 0
2 = o)
O g * 2 U RO %
X 8 o 8 O, X x O %
M © 2 o =
o0 wo” O o g ® © o
0 \x./ 6 T T T T
KA PS X [e)
O Fx 1 2 3 4 5
¢ B o ©
X o o
2
O =z

i

Ln of observed weight Ln Rate Ratio



Ln of observed weight Ln Rate Ratio
or Ln of predicted weight of Ln Risk Ratio
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Figure 8. Ln Observed Weight Ln Risk Ratio and Ln Delta Estimates
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Appendix C. Meta-Analysis of HIV Prevention Research for

Men Who Have Sex with Men
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Andrew N. Hill, and Michael Goodman

We conducted a systematic review and meta—analysis to locate, characterize, and
summarize effects of behavioral HIV prevention interventions for men who have
sex with men (MSM). We found 54 interventions with 16,224 participants that
were evaluated in 40 randomized trials and controlled observational studies with
independent comparison groups. Formats included 26 small group interven-
tions, 18 individual-level interventions, and 10 community—level interventions.
Fifteen interventions focused on HIV-positive individuals including MSM. The
38 interventions that were compared with minimal or no HIV prevention inter-
ventions, reduced unprotected sex by 27% (95% confidence interval [CI] =
15-37%). The other 16 interventions reduced unprotected sex by 17% beyond
changes observed in standard or other HIV prevention interventions (CI =
5-27%). Behavioral interventions reduce self-reported unprotected sex among

MSM.

Behavioral prevention remains central to the effort to reduce HIV transmission. Al-
though antiretroviral therapy has tremendous lifesaving potential, it is expensive,
does not cure, and can have debilitating side effects (Conant, 2004). Risk behaviors
may increase if people believe that new treatments reduce subsequent transmission
(Gray, et al., 2003). And an effective vaccine is still elusive (Garber, Silvestri, &
Feinberg, 2004).

Men who have sex with men (MSM) still constitute the largest proportion of new
infections in most of the developed world (Catania, 2000). In the 32 U.S. states that re-
ported HIV infection from 2000 to 2003, the case rate increased among MSM (by 8%
among blacks and Hispanics and 4% among Whites) while decreasing among
high-risk heterosexuals and injection drug users (Centers for Disease Control and
Prevention [CDC], 2004). Most new diagnoses of HIV/AIDS in the United States oc-
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curred among people aged 25-34 (37%) or 35-44 (32%), with the rest divided about
evenly between those under 25 (15%) and those 45 or older (16 %). Man—to—man sex
was by far the most common route of transmission among men in all race/ethnic
groups.

Effects of behavioral interventions for MSM have recently been evaluated in nu-
merous randomized trials and strong quasi—experimental studies. Quantitative syn-
thesis can help to optimize the usefulness and interpretability of results across studies.
Previous meta—analyses of HIV prevention interventions for MSM through 1997
found a 26 % reduction in unprotected sex compared with neutral or standard condi-
tions (Johnson, Hedges, & Diaz, 2003; Johnson, Hedges, et al., 2002). An update to
that analysis found favorable effects among 17 studies that reported a basis in behav-
ioral theory (odds ratio [OR] =.65; 95% confidence interval [CI] =.55,.77) and no ef-
fect among 3 that did not (OR = 1.03; 95% CI = .61-1.75) (Herbst et al., 20035).

In the present article we further update those meta—analyses to include 54 inter-
ventions evaluated with MSM in 40 studies. Our research questions were as follows:
What behavioral interventions to reduce risk of HIV transmission among MSM have
been tested in randomized trials or in rigorously controlled quasi-experimental stud-
ies? What populations have been served or underserved in these studies? What were
the effects of these interventions? How do effects vary according to populations,
content, and study design?

METHODS
SEARCH STRATEGIES AND ELIGIBILITY CRITERIA

We systematically reviewed the HIV prevention literature to find studies measur-
ing the effects of behavioral interventions for MSM (Semaan et al., 2002). Resources
included online databases (e.g., Medline, PsychInfo, PubMed, AIDSLine, Web of Sci-
ence), reviews and other studies in the HIV prevention literature, expert recommenda-
tion, hand searches of selected journals, and manuscripts and unpublished reports
submitted by researchers.

Key words for electronic searches varied according to database. As an example, a
Medline search in August 2004 for <AIDS prevention & control [pc] or HIV infec-
tions/pc or sexually transmitted diseases/pc> yielded 24,143 citations. A search for
<homosexuality or bisexuality or gay.mp or bisexual.mp or men who have sex with
men.mp or seropositivity/psychology> yielded 13,262 citations, and a search for
<randomization or intervention studies or program evaluation or random.mp or ran-
domize.mp or randomized.mp or randomly.mp> yielded 292,874 citations. Most
quasi—experimental studies included the terms intervention studies or program evalu-
ation. Of the 77 citations included in all three searches, 49 were potentially eligible tri-
als or reviews of HIV prevention interventions. Review of these 49 led to
identification of 21 trials that were eligible by the criteria described below.

The potentially eligible HIV prevention studies from all sources were then evalu-
ated by criteria of outcomes measured and study design. We included only studies that
measured intervention effects on behaviors understood to affect risk of HIV transmis-
sion (e.g., unprotected sex, condom use, number of partners) and biological out-
comes, including incidence of infection by HIV or other sexually transmitted diseases
(STD). We defined unprotected sex as anal intercourse without a condom. Data con-
cerning other sexual and drug use behaviors were not frequently available. Only three
eligible studies reported biological outcomes; we will consider these in the discussion
section. Because unprotected anal sex is the most epidemiologically pertinent behav-
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ior for MSM (O’Leary, DiClemente, & Aral, 1997) and was available for all studies,
we restricted our analyses to this outcome.

We excluded interventions that focused not on sexual transmission but on cogni-
tive or affective outcomes such as distress associated with HIV testing, or health and
coping for seropositive men (Chesney, Chambers, Taylor, Johnson, & Folkman,
2003; Perry, Fishman, Jacobsberg, Young, & Frances, 1991). We included only stud-
ies in which MSM constituted all or a substantial proportion of the study sample (e.g.,
HIV=seropositive individuals) or were specifically targeted by the intervention. When
other populations were included, we obtained outcome data for the MSM subset or
reduced the study weight to reflect only the proportion who were MSM.

Acceptable study designs were randomized controlled trials and certain
quasi—experimental designs. Quasi—experimental studies were required to include in-
dependent comparison groups assigned without bias, that is, without regard to voli-
tion, self-selection, need, or other baseline characteristics, and to include separate
baseline data for the intervention and comparison groups. We requested supplemen-
tal information from authors when separate results by study arm were not published.

CALCULATION OF EFFECT SIZES

Because eligible studies used randomized or quasi—experimental designs, we
chose rate ratios (RR) to estimate intervention effects for count measures and preva-
lence ratios (PR) for dichotomous measures (Deeks, 1999; Greenland, 1998). For
each study that reported count measures (number of episodes of or partners for un-
protected sex), the rate ratio at follow—up was the ratio of the mean in the intervention
group to the mean number in the comparison group. The natural logarithm of the rate
ratio (LnRR) was then an estimate of the intervention effect. The reciprocal of the
variance of LnRR (see Appendix) served as a measure of the weight of information
provided by the study.

Similarly, the prevalence ratio at follow—up was the ratio of the proportion of re-
spondents reporting unprotected sex in the intervention group to the proportion in the
comparison group. The natural logarithm of the prevalence ratio (LnPR) was an esti-
mate of the intervention effect, and the reciprocal of the variance of LnPR (see Appen-
dix) estimated the weight of the study. Rate ratios and prevalence ratios less than one
represented a difference favoring the experimental intervention group.

When individual-level data were available, we used SAS Proc Genmod to esti-
mate intervention effects adjusted for the baseline value of covariates such as the out-
come variable, age, race/ethnicity, and serostatus. For count outcomes, we used the
negative binomial distribution and the log link function and adjusted the scale for
Pearson’s chi-square divided by its degrees of freedom to estimate the rate ratio. For
dichotomous outcomes, we used the binomial distribution and the log link function to
estimate the prevalence ratio.

When individual-level data or adjusted statistics were not available, we adjusted
for the baseline distribution of the outcome variable by subtracting the baseline LnRR
or LnPR from the follow—up LnRR or LnPR. We used the lesser of the baseline and
follow—up weights for such studies. These decisions concerning baseline adjustment
and weights were based on the available empirical examples with raw data.

In studies where communities are the unit of assignment to treatment, the vari-
ance of the intervention effect will be underestimated if intraclass correlation (ICC) is
not accounted for (Murray, 1998). We derived the adjustment factor to reduce study
weights where necessary to account for ICC. For small values of ICC, the adjustment
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factor is approximately equal to Donner’s variance inflation factor (VIF): 1 + ICC x
(m—1) where m is the number of subjects in each unit of assignment. Derivation of this
factor is available from the authors on request. We assumed an ICC of .0085, the value
observed in the one study for which ICC was published (Kelly et al., 1997).

For studies that measured results at multiple follow—up times, we used data rep-
resenting cumulative effects closest to 12 months after the intervention. We used out-
come variables that did not distinguish between insertive and receptive sex, main and
nonmain partners, or partners perceived to be seroconcordant versus serodiscordant
when such data were available. For studies from which the only available results were
separated by insertive versus receptive sex, or main versus nonmain partners, we used
the average point estimate and the average weight of the two measures to estimate the
underlying combined effect (Johnson, Semaan, et al., 2002). We accepted results con-
cerning only nonmain, serodiscordant, or unknown serostatus partners when results
were not available concerning main or seroconcordant partners. For studies that com-
pared two or more experimental interventions against a single control group, we di-
vided the control group into equal parts for comparison to each of the interventions.

STATISTICAL ANALYSIS

We applied the standard procedures for meta—analysis to conduct summary,
stratified, and regression analyses (Cooper & Hedges, 1994). We conducted separate
analyses using rate ratios and prevalence ratios. To include all eligible studies in each
analysis, we substituted prevalence ratios for rate ratios in studies that measured only
dichotomous outcomes and vice versa in studies that measured only count outcomes.
If the prevalence ratio is constant across cutpoints then the rate ratio equals the preva-
lence ratio. This assumption of constancy across cutpoints is analogous to the as-
sumption used to justify transformation between log odds ratios and standardized
mean differences in other meta—analyses (Chinn, 2000; Hasselblad & Hedges, 1995;
Johnson, Semaan, et al., 2002). This assumption appeared plausible based on the
studies for which effects at multiple cutpoints were available. Variances (and there-
fore weights) however differ substantially between count and dichotomous outcomes.
We used the method of moments to develop an estimate of the variance of LnRR when
only dichotomous data were available, and the variance of LnPR when only count
data were available (see Appendix).

We present results separately for interventions contrasted against minimal to no
HIV prevention control conditions and those contrasted against standard or other
HIV prevention conditions. We defined minimal to no HIV comparison conditions as
including no treatment, wait lists, lagged designs, counseling for emergencies only,
passive display of materials in community settings, and several treatments not ad-
dressing sexual behavior (diet and exercise training, substance abuse treatment,
health support groups, and medication adherence consultation). Standard or other
comparison conditions included HIV prevention seminars, individual HIV prevention
counseling and testing, HIV prevention videos, and keeping a diary of sexual activity
in the context of HIV prevention.

We considered both random and fixed—effects meta—analyses (Hedges & Vevea,
1998). Because intervention effects were generally homogeneous, results of the two
types of models were usually identical (Hedges, 1994). When results did differ, those
from the fixed effects models were slightly (about 1%) more conservative. Therefore
we present only results of fixed effects models. We used stratified analyses to examine
subgroup effects according to intervention format (small group, individual, or com-
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munity level), and to summarize interventions for HIV—positive MSM. We applied the
standard principles of weighted meta-regressions (Cooper & Hedges, 1994) to ac-
count for multiple study characteristics and to examine differences in effects
according to exposure rates in community-level interventions.

We examined the potential effect of outliers by excluding each intervention effect
one at a time and recalculating the summary effect. To investigate the possibility of
publication bias, we examined a linear regression through the funnel plot of treatment
effect on sample size (Macaskill, Walter, & Irwig, 2001). To be concise, we present re-
gressions, sensitivity to outliers, and analysis of publication bias only for rate ratios
and not prevalence ratios.

RESULTS

As of May 2005, we had identified 54 experimental HIV prevention interven-
tions for MSM evaluated in 40 eligible studies. Primary citations for these studies were
found in 19 journals and one conference, with the largest numbers published in AIDS
(8 studies), and the American Journal of Public Health, (5 studies). Eleven studies
tested two or more experimental interventions against comparison conditions. We
treat the total of k = 54 experimental interventions and their associated control data as
separate units for description and analyses.

Most of the interventions (k = 38) were compared with minimal or no HIV pre-
vention control conditions (Table 1). Of these, 18 interventions were delivered in
small-group format, 10 in individual-level format, and 10 in community-level for-
mat. The other 16 interventions, including 8 small-group interventions and 8 individ-
ual-level interventions, were compared with standard or other HIV prevention
conditions (Table 2).

Over two—thirds of the 54 interventions (k = 38) were evaluated in the United
States. Also represented were England (k = 4), Australia (k = 4), New Zealand (k = 4),
Canada (k = 2), Scotland (k = 1), and Brazil (k =1). The weighted mean age of partici-
pants was 34 years (range 21 to 42).

Across all studies, about 31% of study participants were African American, La-
tino, Asian, or of other race/ethnic groups besides Whites. Only four interventions in
three studies focused on specific racial or ethnic groups: African Americans (Peterson
et al., 1996), Asians and Pacific Islanders (Choi, et al., 1996), and Latinos
(Carballo-Dieguez et al 20035). In five U.S. studies representing seven interventions
(Cleary et al., 1995; EXPLORE Study Team, 2004; Kalichman, et al., 2001;
Rotheram—Borus et al., 2001; Wolitski, Parsons, Gémez, & the SUMIT Study Group,
2005), 49%-81% were African American or Latino. In the study in Brazil (Sampaio,
Brites, Stall, Hudes, & Hearst, 2002), 51% described themselves as Mulatto, 34% as
White, and 15% as Black. In four more U.S. studies (Kelly et al., 1993; Miller, Klotz,
& Eckholdt, 1998; CDC AIDS Community Demonstration Projects Research Group,
1999; Patterson, Shaw, & Semple, 2003) evaluating seven interventions, more than a
third of participants were ethnic minorities.

Ten studies, including 15 interventions, focused on HIV—positive populations. In
three of these studies (Coates, McKusick, Kuno, & Stites, 1989; Kelly, et al., 1993;
Wolitski et al., 2005), all or nearly all (94% to 100%) participants were MSM. In the
other studies of HIV-positive individuals (Cleary et al., 1995; Kalichman et al., 2001;
Patterson et al., 2003; Richardson et al., 2004; Rotheram-Borus et al., 2001, 2004;
Sorensen et al, 2003), the majority (55%-80%) of participants were MSM. HIV prev-
alence was particularly high in three other studies: Shoptaw et al. (2004; 61%), Stall,
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Paul, Barrett, Crosby, and Bein (1999; 50%), and Carballo-Diéguez et al. (2005;
36%). Among the remaining 15 interventions for which HIV prevalence was reported
and HIV status was not an inclusion or exclusion criterion, the weighted prevalence of
HIV was 14%.

EFFECTS OF INTERVENTIONS VERSUS MINIMAL
TO NO HIV PREVENTION

The 38 interventions that were contrasted against minimal to no HIV prevention
comparison conditions reduced unprotected sex by 27% (95% CI = 15%, 37%) (Fig-
ure 1). The corresponding rate ratio was .73 (CI =.63,.85). This effect represents a de-
crease from the average background mean of 10.1 unprotected episodes in a 6-month
period to 7.4 (CI = 6.3, 8.6), and from 1.2 partners for unprotected sex in a 6-month
period to 0.9 (CI = 0.8, 1.0). The intervention effects were statistically homogeneous
(Q37=30.5,p =.76). In subgroup analyses the rate ratio was .71 (CI =.57,.89) among
18 small-group interventions, .87 (CI =.60, 1.26) among 10 individual-level interven-
tions, and .70 (CI = .54, .90) among 10 community-level interventions.

The same 38 interventions reduced the proportion of subjects reporting unpro-
tected sex by 16% (CI = 10%, 21%). The corresponding prevalence ratio was .84 (CI
=.79,.90). This effect represents a decrease from an average of 41 % reporting unpro-
tected sex to 35% (CI = 32%, 37%). In subgroup analyses, significant favorable ef-
fects were observed for small-group (PR = .80; CI = .72, .89) and community
interventions (PR = .86; CI = .76, .96). Effects among individual-level interventions
were also favorable (PR = .93) but not statistically significant (CI = .78, 1.10).

EFFECTS OF INTERVENTIONS VERSUS STANDARD
OR OTHER HIV PREVENTION

The 16 remaining interventions reduced unprotected sex by 17% beyond
changes observed in standard or other HIV prevention interventions (RR =.83; CI =
.73,.95) (Figure 2). In subset analyses, rate ratios were .75 (CI =.60, .93) among eight
small group interventions and .88 (CI = .75, 1.04) among individual-level interven-
tions. There were no community-level interventions in this subset.

The same 16 interventions reduced the proportion reporting unprotected sex by
6% beyond changes observed in standard or other HIV prevention interventions (CI =
2%,10%). The corresponding prevalence ratio was .94 (CI = .90, .98). The reduction
was 10% among the eight small-group interventions (PR =.90; CI =.83,.99),and 5%
among the eight individual-level interventions (PR =.95; CI = .91, 1.00).

INTERVENTIONS FOR HIV-POSITIVE MSM

A 21% reduction in unprotected sex (RR =.79; CI = .61, 1.02) was observed
among the 15 interventions for HIV—positive individuals (total MSM sample size =
2,164). Effects were more clearly favorable among the seven small-group interven-
tions (RR =.71; CI=.51,.99), two of which were contrasted against other HIV in-
terventions, than among the eight individual-level interventions (RR = .91; CI =
.62, 1.34), one of which was contrasted against a standard HIV prevention inter-
vention.

META-REGRESSIONS
We used a stepwise elimination procedure to identify a core set of study charac-
teristics associated with intervention effects (Table 3). After controlling for other
characteristics, the most favorable effects were observed among older samples with
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FIGURE 1. Effects of 38 HIV prevention interventions for men who have sex with men. In-
terventions compared to minimal or no HIV prevention control conditions, by intervention
format and in approximate order of dates conducted. Note. Tick mark size is proportional
to study weight. Suffixes after study year correspond to abbreviations used for intervention
arms in Table 1. *Prevalence ratio substituted and confidence interval adjusted because rate
ratio not available.
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FIGURE 2. Effects of 16 HIV prevention interventions for men who have sex with men. In-
terventions compared with standard or other HIV prevention control conditions, by inter-
vention format and in approximate order of dates conducted. Note. Tick mark size is
proportional to study weight. Suffixes after study year correspond to abbreviations used for
intervention arms in Table 2. *Prevalence ratio substituted and confidence interval adjusted
because rate ratio not available.

more homogeneous ethnicity and lower prevalence of HIV. Statistically significant ef-
fects were obtained when participation in the assigned intervention was over 80% and
in U.S. studies. Interventions measuring number of episodes of or partners for unpro-
tected sex yielded somewhat more favorable results than those measuring only any
unprotected sex versus none. The most favorable effects among small group interven-
tions were those addressing perception of risk and losses (“unsafe sex exposes you”)
rather than gains (“safer sex protects you”). The most favorable effects among indi-
vidual-level interventions were those that addressed losses and, among commu-
nity-level interventions, those that addressed personal skills such as
self-reinforcement for behavior change efforts.

EXPOSURE RATES IN COMMUNITY-LEVEL INTERVENTIONS

Exposure rates measure the proportion of the population that actually report re-
ceiving the intervention. High exposure rates were critical to the success of commu-
nity—level interventions (Figure 3). Point estimates of effectiveness improved
consistently from a prevalence ratio of 1.12 (favoring the comparison group) when
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TABLE 3. Effects of 54 HIV Prevention Interventions with Men Who Have Sex With Men,
1988-2005 (stratified by study characteristics with mutual adjustment)

Variable/Level Rate Ratio (95% CI)
Mean age
21-29 84 (.55, 1.18)
31-34 .74 (.58, .91)
35-42 74 (.57,.92)
African American, Asian, Latino, Black, and Mulatto participants
0-26% .74 (.59, .88)
27-39% 93 (.65, 1.23)
49-100% .68 (.47, .91)
HIV prevalence
0-11% 71 (.53, .90)
14-61% .76 (.60, .93)
100% 77 (.54, 1.03)
Participation
<65% .80 (.57, 1.04)
74-76% 93 (.65, 1.24)
82-100% .74 (.56, .93)
Location
United States .71 (.57, .84)
Elsewhere .87 (.62, 1.14)
QOutcome measure
Episodes of or partners for unprotected sex .71 (.57, .85)
Any unprotected sex versus none .81 (.63, .99)
Intervention format and content
Small group .72 (.57, .87)
Losses 47 (.29, .67)
Perceived Risk .57 (.41, .74)
Individual-level .92 (.69, 1.16)
Losses .76 (.40, 1.25)
Community-level .59 (.38, .85)
Personal skills 48 (.26, .77)

only 3% reported exposure to a prevalence ratio of 0.71 when 82% reported expo-
sure. Because of the wide confidence intervals, the trend was not statistically signifi-
cant (p = .51).

SENSITIVITY ANALYSES

Sensitivity analyses are performed to examine whether changes in assumptions
have a major influence on results. The results reported above are robust to various
changes in assumptions. If any one intervention among those compared against mini-
mal to no HIV prevention controls had not been included, the result closest to null that
would have been obtained among the remaining 37 interventions is a rate ratio of .78
(CI=.66,.91). Even if the seven interventions with the most favorable rate ratios were
excluded, the summary effect of the remaining studies would still be favorable (RR =
.84) and statistically significant (CI = .71, .99).

In the analyses presented above we assumed that the rate ratio equals the preva-
lence ratio when one or the other was not available. However regression models for
the interventions for which both LnRR and LnPR were available suggest that LnRR
may actually be 2.1 times the magnitude of LnPR. Sensitivity analysis adjusting for
this factor yielded a rate ratio of .71 (CI = .60, .82) for the interventions tested
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against minimal to no HIV prevention intervention. For the interventions tested
against standard or other HIV prevention intervention, the adjusted rate ratio was
.80 (CI=.70, .91). Thus the unadjusted rate ratios presented above may be slightly
conservative.

Similarly, the typical LnPR may actually be only .37 times the magnitude of
LnRR. Sensitivity analysis of prevalence ratios adjusting for this factor yielded an ef-
fect of .88 (CI = .82, .95) for the 32 interventions tested against minimal to no HIV
prevention intervention, so results above concerning prevalence ratios for this group
may be slightly overstated. Prevalence ratios were available for all 16 interventions
tested against standard or other HIV prevention interventions so the adjustment
factor has no impact on that subset.

Estimation of weights for rate ratios given only dichotomous data required an as-
sumed value for the dispersion parameter d (see Appendix). For the analyses above,
we used the geometric weighted mean value of 6.5 observed among the 19 studies for
which this parameter could be estimated. The summary rate ratio for interventions
compared with minimal to no HIV prevention controls became slightly more favor-
able (lower) with increasing assumed values of this parameter from .75 (CI = .65, .87)
atalowvalue of d=3.3,t0.71 (CI=.60,.83) ata high value of d = 15.7. Because count
data were available for most interventions that were compared with standard or other
HIV prevention interventions, the summary rate ratio was essentially unaffected by
varying values of d. Estimates of weights for prevalence ratios given summary statis-
tics for count data do not involve an assumed value for d.

PUBLICATION BIAS

Meta-analysis may be vulnerable to publication bias if studies with less favorable
results are not found and included. A useful test for publication bias is based on the
funnel plot, which compares intervention effects with sample sizes (Macaskill et al.,
2001). The typical thumbprint of publication bias is more favorable effects among
small studies than among large studies. Modeled effects of interventions tested against
minimal to no HIV prevention comparison conditions (controlling for intervention
format and outcome metric [RR or PR]) were somewhat more favorable at the mini-
mum sample size of 28 subjects (RR = 0.68) than at the maximum of 2324 subjects
(RR =0.79), but the trend was not significant (p for slope = .68). Similarly, modeled
effects of interventions tested against standard or other HIV prevention interventions
were more favorable at the minimum of 45 subjects (RR = 0.76) than at the maximum
of 3775 (RR = 0.90, p for slope =.33).If the increasing slope is due to publication bias,
our estimates may tend to overstate effects.

DISCUSSION

In studies with strong research designs, behavioral interventions for MSM reduced
unprotected sex by 27% compared with minimal or no intervention and reduced the
proportion of men reporting any unprotected sex by 16%. These statistically signifi-
cant effects were also evident in subgroup analyses of small-group and
community—level interventions.

However, it should not be assumed that simply doing anything is always better
than nothing. Point estimates for these intervention effects are members of a distribu-
tion whose center indicates favorable effects but which includes some null and even a
few slightly unfavorable results. As would be expected, less favorable effects were
found among experimental interventions that were contrasted against standard or
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other HIV prevention interventions and among studies where the intended interven-
tion was not effectively delivered to a substantial proportion (e.g., 30% or more) of
the study sample.

The limited information on biological outcomes suggests that the highest risk
clients may be better served by individual-level interventions than by small-group
interventions that introduce them to potential new partners who are themselves at
particularly high risk. In one study, a small group intervention for STD clinic pa-
tients showed modest reductions in unprotected sex but also resulted in more STD
infections than a standard one—on-one counseling session about sexual risk behav-
ior (Imrie et al., 2001). However an enhanced individual-level intervention with a
similarly modest reduction in unprotected sex was accompanied by a substantial
reduction in new HIV infections (EXPLORE Study Team, 2004). A third study of a
small group intervention for HIV-positive MSM found moderate effect on behav-
iors but no effect on STDs (Wolitski et al., 2005).

Meta-analysis can be an essential tool for guiding future research. In terms of
design, we found that count outcomes such as number of episodes of or partners for
unprotected sex may be more sensitive than dichotomous outcomes, which do not
recognize even a very large decrease in an individual’s risk unless unprotected sex is
altogether eliminated. A reduction in number of occasions of unprotected sex may
have an important impact on HIV transmission, particularly if the number of part-
ners for unprotected sex and the density of unprotected sexual networks also
decrease.

Empirical examination of the effects of serosorting, negotiated safety, with-
drawal before ejaculation, strategic positioning, and partner selection is urgently
needed (Hoff, Faigeles, Wolitski, Purcell, Gomez, & Parsons, 2004). Because percep-
tions of partners’ risk may not always be correct, the effectiveness of such strategies in
avoiding HIV transmission is unknown. Availability of new treatments may contrib-
ute to complacency about HIV prevention (Demmer, 2003). In recent years the
Internet has become an important factor in the HIV epidemic (Anonymous, 2004),
but it may also be useful in prevention (Anonymous, 2003) and in partner notification
(CDC, 2003). These relatively new factors that may influence behaviors and
biological risk should be considered in future research.

Our review shows that some populations at high risk have been critically
underserved in intervention research, particularly African American (Leone et al.,
2003) and Latino MSM, and MSM in countries where English is not the primary lan-
guage. Factors affecting HIV risk are likely to differ among such populations
(Coleman, 2003; Courtenay—Quirk, Wolitski, Hoff, & Parsons, 2003; Millett, 2004;
Zea, Reisen, & Diaz, 2003). Use of alcohol and drugs, particularly methamphet-
amine, and attending bathhouses, sex clubs, and circuit parties may be associated with
risky sex among MSM (Crosby, DiClemente, & Mettey, 2003; Lister et al., 2003;
Semple, Patterson, & Grant, 2003). A wide range of effective interventions is needed
for those at highest risk.
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APPENDIX: ESTIMATING VARIANCES OF INTERVENTION EFFECTS

RATE RATIOS
When summary statistics (sample sizes m and n, sample means £ [Y]and E [X ] , and sample
variances Vﬁr[Y]and Vi fir‘[X ]] from count data are available, the variance of the natural
logarithm of the rate ratio (LnRR) can be estimated by the delta method as:
< (a0 Va i
Var(LnRR )= L[Y;l + V{jr[XZ]
mE[Y]  nE[X]

When only dichotomous outcome data (e.g., sample sizes m and n and sample prevalences f) and

G ) were available we substituted the value of the prevalence ratio for the rate ratio. In this case
we used the method of moments to estimate the variance of LnRR as:
(s di-p)  di-g)
Var(ink)=—0=2) . (1-9) .
mi-(-pY| n-(-4Y|
For the pooled dispersion parameter d for the intervention and comparison groups we used the

value 6.5, the weighted mean value of the dispersion parameters from 19 studies from which it
could be directly estimated. The dispersion parameter is estimated as:

~  Var|z]- E[Z]
e
E?*|z]
where E [Z ]and Vi 5?‘[2 ]are the pooled sample mean and the pooled sample variance for all

intervention and comparison groups in a study. This formula applies when the underlying count
data are overdispersed relative to the Poisson distribution, that is, the variances are greater than
the means.

PREVALENCE RATIOS
When summary statistics (sample sizes m and n and sample prevalences f) and @ ) are available

from dichotomous data, the variance of the natural logarithm of the prevalence ratio (LnPR) can
be estimated by the delta method as:

Vf}r(LnﬁR) = l_—jo + I_—Q
mp  ng

When only count data (e.g., sample sizes m and n, sample means E [Y ]and E [X ] , and sample

variances V&r[}’]and V&r[X ]} were available we substituted the value of the rate ratio for the
prevalence ratio. In this case we used the method of moments to estimate the variance of LnPR
as:

Vér{Lnf’R): [lj—} — gﬁﬁ -
m
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where
.~ E(Y)
/= Var Y)
i B
Var(Y)— E(Y)
. E(X)
&= Var(x)
o E*(X)

E (Y)= intervention sample mean

V&r(Y) = intervention sample variance

E (X )= comparison sample mean

Vﬁf‘(X ) = comparison sample variance

JOHNSON ET AL.

This formula applies when the data are overdispersed, that is, the sample variances are greater
than the sample means. Derivations and further justification of these formulas are available from

the authors upon request.
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ABSTRACT
Background

Men who have sex with men (MSM) remain at great risk for HIV infection. Program planners and policy makers need descriptions of
interventions and quantitative estimates of intervention effects to make informed decisions concerning prevention funding and research.
The number of intervention strategies for MSM that have been examined with strong research designs has increased substantially in
the past few years.

Objectives

1. To locate and describe outcome studies evaluating the effects of behavioral HIV prevention interventions for MSM.
2. To summarize the effectiveness of these interventions in reducing unprotected anal sex.

3. To identify study characteristics associated with effectiveness.

4. To identify gaps and indicate future research, policy, and practice needs.

Search strategy

We searched electronic databases, current journals, manuscripts submitted by researchers, bibliographies of relevant articles, conference
proceedings, and other reviews for published and unpublished reports from 1988 through December 2007. We also asked researchers
working in HIV prevention about new and ongoing studies.

Selection criteria

Studies were considered in scope if they examined the effects of behavioral interventions aimed at reducing risk for HIV or STD
transmission among MSM. We reviewed studies in scope for criteria of outcome relevance (measurement of at least one of a list of
behavioral or biologic outcomes, e.g., unprotected sex or incidence of HIV infections) and methodologic rigor (randomized controlled
trials or certain strong quasi-experimental designs with comparison groups).

Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men (Review) 1
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Data collection and analysis

We used fixed and random effects models to summarize rate ratios (RR) comparing intervention and control groups with respect to count
outcomes (number of occasions of or partners for unprotected anal sex), and corresponding prevalence ratios (PR) for dichotomous
outcomes (any unprotected anal sex vs. none). We used published formulas to convert effect sizes and their variances for count and
dichotomous outcomes where necessary. We accounted for intraclass correlation (ICC) in community-level studies and adjusted for
baseline conditions in all studies. We present separate results by intervention format (small group, individual, or community-level) and
by type of intervention delivered to the comparison group (minimal or no HIV prevention in the comparison condition versus standard
or other HIV prevention in the comparison condition). We examine rate ratios stratified according to characteristics of participants,
design, implementation, and intervention content. For small group and individual-level interventions we used a stepwise selection
process to identify a multivariable model of predictors of reduction in occasions of or partners for unprotected anal sex. We used funnel
plots to examine publication bias, and Q (a chi-squared statistic with degrees of freedom = number of interventions minus 1) to test
for heterogeneity.

Main results

We found 44 studies evaluating 58 interventions with 18,585 participants. Formats included 26 small group interventions, 21 indi-
vidual-level interventions, and 11 community-level interventions. Sixteen of the 58 interventions focused on HIV-positives. The 40
interventions that were measured against minimal to no HIV prevention intervention reduced occasions of or partners for unprotected
anal sex by 27% (95% confidence interval [CI] = 15% to 37%). The other 18 interventions reduced unprotected anal sex by 17%
beyond changes observed in standard or other interventions (CI = 5% to 27%).

Intervention effects were statistically homogeneous, and no independent variable was statistically significantly associated with interven-
tion effects at alpha=.05. However, a multivariable model selected by backward stepwise elimination identified four study characteristics
associated with reduction in occasions of or partners for unprotected anal sex among small group and individual-level interventions at
alpha=.10. The most favorable reductions in episodes of or partners for unprotected anal sex (33% to 35% decreases) were observed
among studies with count outcomes, those with shorter intervention spans (<=1 month), those with better retention in the intervention
condition than in the comparison condition, and those with minimal to no HIV prevention intervention delivered to the comparison
condition.

Because there were only 11 community-level studies we did not search for a multivariable model for community-level interventions.
In stratified analyses including only one variable at a time, the greatest reductions (40% to 54% decreases) in number of episodes of
or partners for unprotected anal sex among community-level interventions were observed among studies where groups were assigned
randomly rather than by convenience, studies with shorter recall periods and longer follow-up, studies with more than 25% non-gay
identifying MSM, studies in which at least 90% of participants were white, and studies in which the intervention addressed development
of personal skills.

Authors’ conclusions

Behavioral interventions reduce self-reported unprotected anal sex among MSM. These results indicate that HIV prevention for this
population can work and should be supported.

Results of previous studies provide a benchmark for expectations in new studies. Meta-analysis can inform future design and imple-
mentation in terms of sample size, target populations, settings, goals for process measures, and intervention content.

When effects differ by design variables, which are deliberately selected and planned, awareness of these characteristics may be beneficial
to future designs. Researchers designing future small group and individual-level studies should keep in mind that to date, effects of the
greatest magnitude have been observed in studies that used count outcomes and a shorter intervention span (up to 1 month).

Among small group and individual-level studies, effects were also greatest when the comparison condition included minimal to no
HIV prevention content. Nevertheless, statistically significant favorable effects were also seen when the comparison condition included
standard or other HIV prevention content. Researchers choosing the latter option for new studies should plan for larger sample sizes
based on the smaller expected net intervention effect noted above.

When effects differ by implementation variables, which become evident as the study is conducted but are not usually selected or
planned, caution may be advised so that future studies can reduce bias. Because intervention effects were somewhat stronger (though
not statistically significantly so) in studies with a greater attrition in the comparison condition, differential retention may be a threat
to validity. Extra effort should be given to retaining participants in comparison conditions.

Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men (Review) 2
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Among community-level interventions, intervention effects were strongest among studies with random assignment of groups or
communities. Therefore the inclusion of studies where assignment of groups or communities was by convenience did not exaggerate
the summary effect. The greater effectiveness of interventions including more than 25% non-gay identifying MSM suggests that when
they can be reached, these men may be more responsive than gay-identified men to risk reduction efforts. Non-gay identified MSM
may have had less exposure to previous prevention messages, so their initial exposure may have a greater impact.

The greater effectiveness of interventions that include efforts to promote personal skills such as keeping condoms available and
behavioral self-management indicates that such content merits strong consideration in development and delivery of new interventions
for MSM. And the finding that interventions were most effective for majority white populations underscores the critical need for
effective interventions for MSM of African and Latino descent.

Further research measuring the incidence of HIV and other STDs is needed. Because most studies were conducted among mostly white
men in the US and Europe, more evaluations of interventions are needed for African American and Hispanic MSM as well as MSM in
the developing world. More research is also needed to further clarify which behavioral strategies (e.g., reducing unprotected anal sex,
having oral sex instead of anal sex, reducing number of partners, avoiding serodiscordant partners, strategic positioning, or reducing
anal sex even with condom use) are most effective in reducing transmission among MSM, the messages most effective in promoting
these behaviors, and the methods and settings in which these messages can be most effectively delivered.

PLAIN LANGUAGE SUMMARY
Behavioral interventions can reduce unprotected sex among men who have sex with men (MSM).

Interventions to reduce unprotected sex include individual counseling, social and behavioral support (such as peer education, as-
sertiveness and relationship support, discussing attitudes and beliefs, videos). Small group and community interventions include group
counseling or workshops, interventions in community areas, training community leaders, and community-building empowerment
activities. The review found that these behavioral interventions can lead to significant risk reduction in MSM.

Continued research is needed to identify which behavioral strategies are most effective in reducing transmission, and which intervention
components are most effective in influencing those behaviors. More research is also needed on the most effective strategies for non-
white MSM in wealthy countries, as well as for MSM in developing countries.
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BACKGROUND

Behavioral prevention remains central to the effort to reduce HIV
transmission. Although antiretroviral therapy has tremendous life-
saving potential, it is expensive, does not cure, and may have debil-
itating side effects for some people [Conant 2004]. Risk behaviors
may increase if people believe that new treatments reduce subse-
quent transmission [Gray 2003] or if a vaccine becomes available
[Crosby 2006]. Recent vaccine trials have yielded discouraging re-
sults [Cohen 2007, Markel 2005, Garber 2004].

MSM continue to make up the largest proportion of new AIDS
cases and HIV infections each year in Pattern I countries [
UNAIDS.org; Catania 2000; Mills 1997]. Of the estimated
322,125 male adults and adolescents living with AIDS in the
United States in 2005, 67% had been exposed through male-to-
male sexual contact, including 8% who had been exposed through
both male-to-male sexual contact and injection drug use [CDC
2007 page 8].

MSM are at high risk among all races and ethnicities. Among
30,956 cases of AIDS reported among men and male adolescents in
the United States in 2005 [CDC 2007 table 19], 53% were MSM
or MSM-IDU. By race and ethnicity, 73% of AIDS diagnoses re-
ported among white men, 40% among black men, 49% among
Hispanic men, 58% among Asian men, and 63% among Amer-
ican Indian or Alaska/Hawaii native men were MSM or MSM-
IDU. These cases and new infections are concentrated in a group
believed to constitute only 2% to 10% of the adult male popula-
tion [Binson 1995].

And in contrast to trends reported in the 1990s, the burden among
MSM is now increasing faster than among other populations. The
estimated yearly number of new diagnoses of HIV or AIDS among
MSM and MSM/IDU in the 33 states with named reporting in-
creased by 11% from 17,699 in 2001 to 19,620 in 2005, while
decreasing by 20% among all other people in these 33 states [
CDC 2007 table 1].

MSM are at high risk for HIV infection in the developing world
as well. A systematic review in low- and middle-income countries
found aweighted average HIV prevalence 0f 12.8% among MSM [
Baral 2007]. Compared to other reproductive-age adults, the odds
of HIV infection among MSM were 33 times greater in Latin
America, 19 times greater in Asia, and 3.8 times greater in Africa,
but only 1.3 times greater in Eastern Europe, where contaminated
injections play a critical role in the epidemic.

Unprotected anal sex remains the greatest risk factor identified for
HIV transmission. A case-control study in Australia found that
the odds of becoming infected with HIV were 57 times as great
among men who reported receptive anal sex to ejaculation with
casual partners without a condom as among men who did not [
Read 2007]. However risks from sex with main partners, insertive
sex, and sex without ejaculation were not ruled out.

Partner selection based on perceived serostatus is being used as a
strategy for risk reduction among MSM but carries some risk [
Rietmeijer 2007]. Among 2788 MSM ages 23-29 in 6 US cities,
267 (9.6%) had HIV and were not aware of their status [MacKellar
2007]. The proportion who were infected but not aware was par-
ticularly high among African American MSM at 28%, compared
to 8% among Hispanic MSM and 4% among white MSM. Since
those most recently infected may be most infectious and least likely
to know of their status, reliance on partners’ awareness and disclo-
sure of their own serostatus may be a risky strategy [Wawer 2005].

Previous reviews of HIV prevention efforts have examined the
effects of behavioral interventions across multiple populations at
risk. Fisher and Fisher [Fisher JD 1992, Fisher JD 2006a, Fisher
JD 2006b] concluded that critical intervention components in-
cluded not only information but also motivation and skills. Choi
and Coates [Choi 1996@] noted the importance of skills train-
ing, as well as a lack of intervention research for MSM of color,
young MSM, and non-gay-identifying MSM. Holtgrave et al. [
Holtgrave 1995, Holtgrave 2007] cited the need for sufficient re-
sources, intensity, and cultural competency, and a basis in behav-
joral and social science theory and previous research. Oakley et
al. [Oakley 1995] identified a need for stronger research designs.
Stephenson et al. [Stephenson 2000] reported that successful in-
terventions were characterized by extensive formative research or
high attendance rates.

One review not specific to MSM included a meta-analysis of 12
intervention studies: Kalichman et al. [Kalichman 1996] found
that intervention effects diminished across studies as time from
intervention to follow-up increased from 1 to 6 months. One
qualitative review focusing specifically on men who have sex with
men [Kegeles 1998] noted that community-based interventions
have the capacity to reach people who would not participate in
facility-based interventions, and who may be at higher risk than
many who enroll in small group or individual interventions.

Effects of behavioral interventions for MSM have now been evalu-
ated in numerous randomized trials and strong quasi-experimental
studies. Quantitative synthesis can help to optimize the usefulness
and interpretability of results across studies. Our first meta-analy-
ses of HIV prevention interventions for MSM through 1997 found
a 26% reduction in unprotected anal sex compared to neutral or
standard conditions [Johnson 2002a, and previous Cochrane re-
view]. Our update to those reviews found a 27% reduction in un-
protected anal sex in 38 interventions compared to neutral condi-
tions and a 17% reduction in 16 interventions compared to stan-
dard conditions [Johnson 2005].

Another meta-analysis of interventions for MSM found favorable
effects among 17 studies that reported a basis in behavioral theory
(odds ratio = .65) and no effect among 3 that did not (odds ratio
= 1.03) [Herbst 2005]. A meta-analysis of 19 studies meeting nar-
rower criteria (e.g., MSM age 20 and older not known to be HIV-
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positive, as well as sample size, retention rates, and other criteria
of design, implementation, and reporting) also found significant
favorable effects [Herbst 2007]. This Cochrane Review further
updates the list of studies meeting the criteria of Johnson 2005.

OBJECTIVES

In this review we examine and summarize the behavioral effects
of rigorously evaluated interventions for MSM. To the extent that
data permit, we estimate several parameters needed by program
planners and policymakers [Holtgrave 2000; Bulterys 1997].

Our research questions were:

1. What behavioral interventions to reduce risk of HIV transmis-
sion among MSM have been tested in randomized trials or in rig-
orously controlled quasi-experimental studies?

2. What populations have been served or underserved in these
studies?

3. What are the effects of MSM interventions contrasted against

minimal or no intervention comparison conditions?

4. What are the effects of MSM interventions contrasted against
standard or other HIV prevention intervention conditions?

5. What are the effects of small group, individual-, and commu-
nity-level interventions for MSM?

6. What characteristics of small group and individual-level inter-
vention studies are most closely associated with magnitude of ef-
fects in a multivariable model?

7. What characteristics of community-level intervention studies
are most closely associated with magnitude of effects in single-
variable models?

METHODS

Criteria for considering studies for this review

Types of studies

We reviewed studies for scope based on types of participants
(MSM) and interventions (behavioral interventions to prevent
HIV or STDs). We reviewed studies in scope for relevance based
on inclusion of specified outcome measures (HIV or STD inci-
dence or HIV risk behaviors), and for methodological rigor based
on study design (randomized controlled trials and certain quasi-
experimental designs).

Non-randomized studies were considered eligible only if they in-
cluded independent comparison groups where assignment to treat-
ment status was not based on need or volition, and separate base-
line measurements were also taken, as in the Untreated Control

Group Design with Pretest and Posttest [Cook & Campbell, pp
103-118]. Examples of studies that were 7ot eligible were those
that compared:

- people who chose to participate in an intervention to those who
did not,

- baseline and follow-up measures with no separate comparison
condition,

- only follow-up measures without baseline measures when either
individuals or groups were assigned to treatment condition by a
non-random process.

In a change from our previous Cochrane review, we did not include
studies with the recurrent institutional cycle design which features
data collection at only one time point for the comparison group.

We excluded a non-randomized study in which large community
agencies were chosen for intervention and small agencies for the
control condition. We did not exclude studies on the basis of
chance differences between intervention and comparison groups
in demographics and baseline distribution of the outcome vari-
able. We used results with appropriate statistical controls for such
characteristics where available.

Types of participants

MSM regardless of age, race/ethnicity, sexual orientation (gay /
homosexual, bisexual, heterosexual), gender identity (including
transsexuals), nationality, etc. We included only studies in which
MSM constituted at least one-third of the study sample (e.g.,
HIV-seropositives) or were specifically targeted by the interven-
tion. When other populations were included, we either obtained
outcome data for the MSM subset or reduced the study weight to
reflect only the proportion who were MSM.

Types of interventions

Behavioral or social interventions designed to promote sexual risk
reduction and thereby to reduce transmission of HIV or other
STDs. These interventions may be delivered to individuals, small
groups, or communities.

We excluded interventions that focused not on sexual transmis-
sion but on cognitive or affective outcomes such as distress associ-
ated with HIV testing, or health and coping for seropositive men
[Perry 1991, Chesney 2003]. We also excluded pharmaceutical

interventions.
Types of outcome measures

We included only studies that measured intervention effects on
behaviors understood to affect risk of HIV transmission (e.g., un-
protected sex, condom use, number of partners) and biologic out-
comes including incidence of infection by HIV or other STD.
We defined unprotected sex as anal intercourse without a con-
dom. Data concerning other sexual and drug use behaviors were
frequently not available. Because unprotected anal sex is the most
epidemiologically pertinent behavior for MSM [O’Leary 1997]
and was available for all studies, we restricted our analyses to this
outcome.
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Dichotomous measures reflect the proportion of respondents re-
porting any unprotected sex during the recall period. Count-level
outcomes reflect the number of occasions of unprotected sex or
the number of partners for unprotected sex during the recall pe-
riod. Methods for managing multiple outcomes are described be-
low under Calculation of effect sizes and Statistical analyses.

HIV and STD incidence were reported in only a few studies so
we did not perform quantitative analyses of these outcomes.

Search methods for identification of studies

We systematically reviewed the HIV prevention literature to
find studies measuring the effects of behavioral interventions for
MSM [Johnson 2002a, Sogolow 2002]. Resources included on-
line databases (Medline, PsycInfo, PubMed, AIDSLine, Web of
Science, ERIC, EMBASE, Social Science Citation Index, Applied
Social Sciences Index and Abstracts, Cochrane Library Controlled
Clinical Trials Register, the National Research Register, and the
Computer Retrieval of Information on Scientific Projects [CRISP]
database), reviews and other studies in the HIV prevention liter-
ature, expert recommendation, hand searches of journals (AIDS,
AIDS and Behavior, AIDS Care, AIDS Education and Prevention,
American Journal of Public Health, International Journal of STD
& AIDS, Journal of Acquired Immune Deficiency Syndromes,
Journal of the Association of Nurses in AIDS Care, AIDS Patient
Care and STDs), and manuscripts and unpublished reports sub-

mitted by researchers. We did not restrict searches by country or
language. The references of the eligible articles were also searched,
a process that was iterated until no new references were identified.
We also reviewed the citations from prior systematic reviews and
meta-analyses for possible references. We also sent requests for in-
formation to researchers funded by National Institutes of Health
(NIH), and contacted experts and agencies who could provide rel-
evant materials.

Keywords for electronic searches varied according to database. As
an example, a search of the 1996-2007 Medline database in De-
cember 2007 for (AIDS/prevention & control [pc] or HIV in-
fections/pc or sexually transmitted diseases/pc) yielded 17,085 ci-
tations [ Figure 1]. A search for (homosexuality or bisexuality
or gay.mp or bisexual.mp or men who have sex with men.mp
or HIV seropositivity/ psychology) yielded 7967 citations, and a
search for (random allocation or intervention studies or program
evaluation or random.mp or randomize.mp or randomized.mp or
randomly.mp) yielded 347,740 citations. Most quasi-experimen-
tal studies included the terms “intervention studies” or “program
evaluation.” There were 121 citations that were included in all
three searches. Review of these 121 led to identification of 22 tri-
als that were eligible by the criteria described below. Other search
methods as well as analogous searches of other databases led to
identification of 44 total studies evaluating 58 experimental inter-

ventions.

Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men (Review) 6
Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure I. 0 Medline search.

Medline database
1996-2007
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Data collection and analysis

Studies found relevant and rigorous were eligible for the review.
Data concerning outcomes, details of the interventions, and other
study characteristics were independently abstracted from relevant
studies by two reviewers using standardized data abstraction forms.
Discrepancies were resolved by discussion and consensus.
Calculation of effect sizes

For each study, we calculated two effect sizes: a rate ratio (RR) and
a prevalence ratio (PR). Because eligible studies used randomized
or quasi-experimental designs, rate ratios (RR) can be used to esti-
mate intervention effects for count measures and prevalence ratios
(PR) for dichotomous measures [Cochrane Reviewers’ Handbook;
Deeks 2002]. We could have chosen standardized mean differ-
ences and odds ratios instead, but rate ratios and prevalence ratios
have the advantage of being directly interpreted as 1 minus the net
change. For example, a rate ratio of .73 indicates a 27% reduction
in episodes of or partners for unprotected sex in the intervention
condition after accounting for change in the comparison condi-
tion.

For each study that reported count measures, the rate ratio at
follow-up was the ratio of the mean number of occasions of or
partners for unprotected sex in the intervention group to the mean
number in the comparison group. Similarly the prevalence ratio at
follow-up was the ratio of the proportion of respondents reporting
unprotected sex in the intervention group to the proportion in the
comparison group. Rate ratios and prevalence ratios less than one
represented a difference favoring the experimental intervention
group. For each measure, the natural logarithm (LnRR or LnPR)
was then an estimate of the intervention effect. The reciprocal of
the variance of the logarithm of the measure served as a measure
of the weight of information provided by the study.

When individual-level data were available, we used SAS Proc Gen-
mod (except for group-randomized trials) to estimate rate ratios
and prevalence ratios adjusted for the baseline value of covariates
such as the outcome variable, age, race/ethnicity, and serostatus.
For rate ratios, we used the negative binomial distribution and the
log link function and adjusted the scale for Pearson’s chi-square
divided by its degrees of freedom. For prevalence ratios, we used
the binomial distribution and the log link function.

When individual-level data or adjusted statistics were not available,
we adjusted for the baseline distribution of the outcome variable
by subtracting the baseline effect size (LnRR or LnPR) from the
follow-up effect size. We used the lesser of the baseline and follow-
up weights for such studies.

In studies where communities are the unit of assignment to treat-
ment, the variance of the intervention effect will be underesti-
mated and the weight (the reciprocal of the variance) will be over-
estimated if intraclass correlation (ICC) is not accounted for [
Murray 1998]. We derived the adjustment factor to reduce study
weights where necessary to account for ICC. For small values of

ICC, the adjustment factor is approximately equal to Donner’s
variance inflation factor (VIF): 1 + ICC x (m - 1) where m is the
number of subjects in each unit of assignment. We assumed an
ICC of .005, the value observed in the one study for which ICC
was published [Kelly 1997].

We used outcome variables that did not distinguish between in-
sertive and receptive sex, main and nonmain partners, or partners
perceived to be seroconcordant vs. serodiscordant when such data
were available. For studies from which the only available results
were separated by insertive vs. receptive sex, or main vs. nonmain
partners, we used the average point estimate and the average weight
of the two measures to estimate the underlying combined effect [
Johnson 2002b]. We accepted results concerning only nonmain,
serodiscordant, or unknown serostatus partners when results were
not available concerning main or seroconcordant partners.

For studies that compared two or more experimental interventions
against a single control group, we allocated the control group into
equal parts for comparison to each of the interventions. This strat-
egy uses each individual’s response only once and is thus valid for
calculation of summary effects in fixed effects models. If this strat-
egy had been necessary for several large studies, it could bias het-
erogeneity statistics toward a finding of homogeneity. If results had
been heterogeneous, necessitating use of random effects models,
the apparent variances could be understated. However the strategy
was necessary for only a few small studies, and results would still
have been homogeneous if these studies were left out altogether.
For studies that reported outcomes at multiple time points, the
most commonly used follow-up times were 6 and 12 months after
the end of the intervention. In order to focus on more sustained
intervention effects, we selected outcomes measured closest to 12
months after intervention.

Statistical Analysis

We applied the standard procedures for meta-analysis to conduct
summary, stratified, and regression analyses [Hedges 1994]. We
conducted separate summary meta-analyses for rate ratios and
prevalence ratios. In order to include all studies in each analysis,
we substituted prevalence ratios for rate ratios in studies that mea-
sured only dichotomous outcomes (these are indicated by the at-
sign @ in citations below, in the table of included studies, and in
figures), and vice versa in studies that measured only count out-
comes (these are indicated by the pound-sign #). If the prevalence
ratio is constant across cutpoints then the rate ratio equals the
prevalence ratio. This assumption of constancy across cutpoints
is analogous to the assumption used to justify transformation be-
tween log odds ratios and standardized mean differences in other
meta-analyses [Hasselblad 1995, Chinn 2000, Johnson 2002b].
Variances (and therefore weights) differ substantially between
count and dichotomous outcomes and are not interchangeable
between rate ratios and prevalence ratios. We used the method of
moments to develop an estimate of the variance of LnRR when
only dichotomous data were available, and the variance of LnPR
when only count data were available [Johnson 2005].
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Because intervention effects were highly homogeneous, random-
and fixed-effects models yielded identical results for most analyses
[Hedges 1998, DerSimonian 1986]. Variance estimates under the
random effects model are always greater than or equal to those
observed under the fixed effects model; in this sense the random
effects model is conservative. But estimates of the summary inter-
vention effect can be exaggerated by the random effects model in
some circumstances, and in this sense the random effects model
can be even more strongly anti-conservative. In our analyses, sum-
mary variances were almost indistinguishable between the two
models, but summary effect estimates were occasionally farther
from the null (smaller) under the random effects model. Thus the
results according to fixed effects models are more conservative for
these data, and they are the only ones we present.

We hypothesized a priori that interventions contrasted against neu-
tral comparison conditions (minimal or no treatment related to
HIV risk reduction) would yield stronger effects than those con-
trasted against active comparison conditions (standard or other
HIV prevention interventions). Therefore we present results sep-
arately according to type of comparison condition.

Behavioral interventions for HIV prevention are frequently cate-
gorized by format as small group, individual-level, or community-
level interventions. Therefore we present subgroup analyses for
each of these categories. Interventions that included both a small
group component and an individual-level component were classi-
fied as small group interventions. Community-level interventions
that included small group or individual-level components were
classified as community-level.

We examined differences in effectiveness for small group and in-
dividual-level interventions according to characteristics of partic-
ipants, design, implementation, and intervention content, with
statistical control for comparison type (minimal to no HIV pre-
vention in the comparison condition versus standard or other HIV
prevention in the comparison condition).

We used a backward stepwise selection process to identify a core set
of study characteristics associated with intervention effects among
small group and individual-level interventions. We excluded the
“random assignment” variable from the selection process because
the direction of the effect was counter to the a priori hypothesis
that non-randomized trials might yield spuriously strong effects.

Because of the smaller number of community-level studies we did
not conduct a multivariable analysis with this group. Because the
list of variables associated with effectiveness was different for com-
munity-level studies we did not combine them in the multivariable
analysis of small group and individual-level studies. For the sake
of brevity, we present stratified and multivariable analyses only for
rate ratios and not for prevalence ratios.

To investigate the possibility of publication bias, we examined
funnel plots of treatment effect by sample size [Macaskill 2001].

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

As of December 2007, we had identified 44 eligible studies eval-
uating 58 experimental HIV prevention interventions for MSM
[Table of Included Studies]. Primary citations for these studies
were found in 21 journals and 1 conference proceeding, with the
largest numbers published in AIDS (9), the American Journal of
Public Health (5), and the Journal of Acquired Immune Deficiency
Syndromes (4). Two journals (the International Journal of STD
and AIDS, and AIDS and Behavior) each published primary cita-
tions for 3 studies. Eleven studies tested two or more experimental
interventions against comparison conditions, in which case we al-
located the control group into equal parts for comparison to each
of the interventions as described above. We treat the total of 58
experimental interventions and their paired control conditions as
separate units for description and analyses.

Most of the interventions (k [number of interventions] = 40) were
compared to minimal or no HIV prevention control conditions.
Of these, 18 interventions were delivered in small group format,
11 in individual-level format, and 11 in community-level format.
The other 18 interventions (which are marked with an asterisk in
the tables and references), including 8 small group interventions
and 10 individual-level interventions, were compared to standard
or other HIV prevention conditions.

Over two-thirds of the 58 interventions (k = 41) were evaluated
in the United States. Also represented were the United Kingdom
(k = 5), Australia (k = 4), New Zealand (k = 4), Canada (k = 2),
Brazil (k =1) and an international study in Russia and Bulgaria
(k=1). The weighted mean age of participants was 33 years (range
21 to 42).

Across all studies, an average of 30% of participants were African
American, Latino, Asian, or of other race/ethnic groups besides
whites. Only 4 interventions in 3 studies focused on specific racial
or ethnic groups: African Americans [Peterson 1996 1s; Peterson
1996 3s], Asians and Pacific Islanders [Choi 1996@], and Lati-
nos [Carballo-Diéguez2005]. In 6 US studies evaluating 8 in-
terventions [Cleary 1995*@; Kalichman 2001#; Rotheram-Borus
2001@; Richardson 2004 g@; Richardson 2004 L@; R-B 2004
in person@; R-B 2004 phone@; Healthy Living 2007#], the ma-
jority of participants were of race/ethnic groups other than white.
In the study in Brazil [Sampaio 2002*@], 51% identified them-
selves as mulatto, 34% as white, and 15% as black. In 7 more US
studies evaluating 10 interventions [Kelly 1993 cb; Kelly 1993 ss;
Miller 1998; CDC ACDP 1999@; Patterson 2003 b#; Patterson
2003 c#; Patterson 2003 s#; Wolitski 2005*; Read 2006*#; Dilley
2007*#], more than a third of participants were ethnic minorities.
Sixteen interventions focused on HIV-positive populations. In
4 of these interventions [Coates 1989@; Kelly 1993 cb; Kelly
1993 ss; Wolitski 2005*], all or nearly all (94% to 100%) partic-
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ipants were MSM. In the other studies of HIV-positives [Cleary
1995*@; Kalichman 2001#; Rotheram-Borus 2001@; Sorensen
2003*; Patterson 2003 b#; Patterson 2003 c#; Patterson 2003
s#; Richardson 2004 g@; Richardson 2004 L@; R-B 2004 in
person@; R-B 2004 phone@; Healthy Living 2007#], the largest
subset (49% to 80%) of participants were MSM. HIV prevalence
was particularly high in 3 other studies evaluating 4 interventions:
Shoptaw 2005 cbt* and Shoptaw 2005 g* (61%), Stall 1999@
(50%), and Carballo-Diéguez2005 (36%).

Risk of bias in included studies

Assignment to treatment condition was random for most (48 of
58) interventions. For 7 interventions, large units such as cities,
neighborhoods, or clinics were assigned to treatment condition
based on convenience. Assignment was alternated between condi-
tions in 3 other studies.

Among the small group and individual-level interventions, overall
retention was high (from 80 to 100%) for 24 interventions and
low (38 to 79%) for 21 interventions. Retention rates were not
available for 2 studies; these were combined with the high reten-
tion rate group for analyses below. Also among the small group
and individual-level interventions, 15 studies had greater reten-
tion in the comparison condition (mean = 8.5% greater, standard
deviation = 7.6%), while 19 studies had greater retention in the
intervention condition (mean = 8.4% greater, standard deviation
= 9.0%). For analyses of differential retention as a dichotomous
variable, 5 studies for which retention was equal in the two con-
ditions were combined with the 15 studies with greater retention
in the comparison condition, and 8 studies for which differential
retention was not available were combined with the 19 studies
with greater retention in the comparison condition.

Effects of interventions

EFFECTS OF INTERVENTIONS VS. MINIMAL TO NO
HIV PREVENTION

The 40 interventions that were measured against minimal to no
HIV prevention intervention reduced the number of episodes of
or partners for unprotected sex by 27% (95% confidence interval
[CI] = 15%, 37%) [Table 01.01]. The total MSM sample size in
these 40 interventions was 11,864. The corresponding rate ratio
was .73 (CI = .63, .85). This effect represents a decrease from the
average background mean of 10.1 unprotected occasions in a 6-
month period to 7.4 (CI = 6.4, 8.6), and from 1.2 partners for anal
sex without condoms in a 6-month period to 0.9 (CI = 0.8, 1.0).
The intervention effects were statistically homogeneous (Q[39 df]
= 28.3, p for test of heterogeneity = 0.90).

In subgroup analyses the reduction was 30% (CI = 10%, 45%)
among 18 small group interventions, 20% (CI = -6%, 40%)
among 11 individual-level interventions, and 30% (CI = 9%,

45%) among 11 community-level interventions. Effects within
each intervention format were also quite homogeneous (p = 0.74
for small groups, 0.99 for individual-level, and 0.29 for commu-
nity-level interventions) indicating that results were statistically
consistent among interventions within each format.

The same 40 interventions reduced the proportion of subjects re-
porting unprotected sex by 23% (CI = 17%, 28%) [Table 01.02].
The corresponding prevalence ratio was .77 (CI = .72, .83). This
effect represents a decrease from an average of 41% reporting un-
protected sex to 32% (CI = 30%, 34%). In subgroup analyses,
significant reductions in the proportion reporting unprotected sex
were observed for all three subgroups: a 27% reduction for small
group interventions (CI = 16%, 36%), 16% for individual-level
interventions (CI = 3%, 26%), and 25% for community-level in-
terventions (CI = 16%, 34%). Again, the effects among studies
were consistent both overall (p for heterogeneity = .14) and within
subsets (p = .16 for small groups, p = .15 for individual-level, and
p = .57 for community-level interventions).

EFFECTS OF INTERVENTIONS VS. STANDARD OR
OTHER HIV PREVENTION

The 18 remaining interventions reduced the number of episodes of
or partners for unprotected sex by 17% beyond changes observed
in standard or other HIV prevention interventions (CI = 5%, 27%)
[Table 02.01]. The total MSM sample size in these 18 studies was
6721. The corresponding rate ratio was .83 (CI = .73, .95). In
subset analyses, the reductions were 23% (CI = -1%, 41%) among
8 small group interventions and 14% (CI = 0%, 27%) among
10 individual-level interventions. There were no community-level
interventions in this subset.

The same 18 interventions reduced the proportion reporting un-
protected sex by 7% beyond changes observed in standard or other
HIV prevention interventions (CI = 3%, 11%) [Table 02.02].
The corresponding prevalence ratio was .93 (CI = .89, .97). The
reduction was 13% among the 8 small group interventions (CI =
3%, 22%), and 6% among the 10 individual-level interventions
(CI = 1%, 10%).

STRATIFIED ANALYSES OF RATE RATIOS FOR SMALL
GROUP AND INDIVIDUAL-LEVEL INTERVENTIONS
Summary effects for all subgroups were in the favorable direction,
but effects were statistically significant for some subgroups and not
for others [Table 1]. We hypothesized a priori that intervention
effects would be strongest in studies with a neutral comparison
condition (minimal to no HIV prevention content). Therefore
all analyses in this table (except for comparison condition itself)
are controlled for type of comparison condition. For each set of
stratification variables (participants, design, implementation, and
intervention content), we note the stratum of studies that yields
the most favorable results in terms of the point estimate of the
percentage decrease in risky behavior (1 minus the rate ratio).
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Table 1. Stratified analyses: small grp & individual intvn controlled for comparison type

Variable Level k RR (95% CI)
OVERALL 47 .80 (.72, .89)*
PARTICIPANTS
Location Us 34 .78 (.69, .88)*
Elsewhere 13 .87 (.61, 1.25)
Mean age 21-33 21 .73 (.58, .93)*
34-42 26 .80 (.71, .91)*
% Race/ethnic minority 4-24% 22 .75 (.61, .92)*
35-100% 25 .81 (.70, .93)*
% HIV positive 0-22% 27 .77 (.66, .89)*
36-100% 20 .82 (.67,1.01)
% Non-gay identified 0-18% 27 .79 (.68, .91)*
20-47% 20 .78 (.62, .98)*
DESIGN
Comparison condition** No HIV prevention 29 .74 (.62, .89)*
Standard/other HIV preven- 18 .83 (.73, .95)*
tion
Allocation Random 44 .78 (.69, .88)*
Not random 3 .95 (.51, 1.74)
Span <1 month 25 .69 (.56, .85)*
1.6-12 months 22 .83 (.72, .94)*
Peer delivery No 40 .80 (.71, .90)*
Yes 7 71(.52,.97)*
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Table 1. Stratified analyses: small grp & individual intvn controlled for comparison type (Continued)
Duration <=30 minutes 24 .74 (.59, 91)*
>=1 hour 23 .81 (.71,.92)*
Outcome measure count 27 .77 (.68, .88)*
dichot only 20 .84 (.65, 1.09)
Years conducted 1986-1996 24 .75(.59, .97)*
1997-2004 23 .80 (.70, .92)*
Group size 1 (individual) 21 .82 (.71,.96)*
6-9 11 .76 (.59, .96)*
10-25 15 .71 (.55,.93)*
Recall period <3 months 17 .76 (.58. .99)*
3-6 months 30 .79 (.70, .90)*
Time to followup <4 months 21 .77, (.62, .95)*
5-12 months 26 .80 (.69, .92)*
IMPLEMENTATION
Retention better in Intervention 27 .67 (.51, .88)*
Comparison or equal 20 .81(.72,.92)*
Overall retention >=80% 26 .82 (.71, .94)*
<80% 21 .73 (.60, .90)*
Participation 37-64% 20 .82 (.70,.96)*
80-100% 27 .74 (.62, .89)*
Background prevalence 13-35% 23 .81 (.64, 1.02)
37-73% 24 .78 (.68, .89)*
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Table 1. Stratified analyses: small grp & individual intvn controlled for comparison type

(Continued)

INTERVENTION
CONTENT

Losses

12 .62 (44, .88)*

Self-esteem

15 .74 (.56, .96)*

Gains 18 .77 (.60, .99)*
Responsibility 23 .79 (.68, .92)*
Risk perception 22 .79 (.68, .93)*
Information 22 .80 (.64, .99)*
Technical skills 19 .80 (.59, 1.09)

Personal skills

32 .81(.71,.92)*

Interpersonal skills

29 .82 (.72,.93)*

Self-efficacy

18 .83 (.71, .96)*

Social acceptability

16 .84 (.09, 8.07)*

Other content

7 92(74, 1.13)

* p<.05

** all other models controlled

for comparison condition

Studies performed in the United States yielded a 22% reduction
in number of episodes of or partners for unprotected sex that was
statistically significant (CI = 12%, 31%) while those performed
elsewhere showed a net reduction of 13% that was not statistically
significant (CI = -25%, 39%). Summary effects for all other sub-
groups according to participant characteristics were favorable and
statistically significant. The most favorable summary effect by type
of participants, a 27% reduction in risky behavior, was observed
in studies with younger mean age (21 to 33 years).

All stratifications by characteristics of design resulted in statisti-
cally significant favorable results except for two groupings: studies
in which assignment was not random, and studies for which a

count outcome for unprotected sex was not available (in which case
the dichotomous unprotected sex outcome was used instead with
transformations as described above). The most favorable summary
effect by design features, a 31% reduction in risky behavior, was
observed in studies with a shorter intervention delivery time (up
to one month).

With respect to characteristics of implementation, all subsets
yielded statistically significant effects except for those with a lower
background prevalence of unprotected sex. The most favorable ef-
fect by implementation features, a 33% reduction in risky behav-
ior, was observed among those studies where retention of partic-
ipants at followup was better in the intervention condition than
in the comparison condition.

Finally, summary effects of interventions including each type of
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content were statistically significant except for those including
technical skills and those including “other” content. The most
favorable effect by intervention content, a 38% reduction in risky
behavior, was observed among interventions addressing perception
of risk and losses (“unsafe sex puts you at risk”) rather than gains
(“safer sex protects you”).

MULTIVARIABLE MODEL OF RATE RATIOS FOR SMALL
GROUP AND INDIVIDUAL-LEVEL INTERVENTIONS

A multivariable model of rate ratios for small group and individ-
ual-level interventions was selected by a backwards elimination
process [Table 2]. All variables described in Table 1 were included
in the first model, and the variable with the smallest effect was
removed. This process was repeated until each of the variables was
retained with p<.10. The four variables remaining in the model
all pertained to design and implementation. The most favorable
reductions in episodes of or partners for unprotected sex among
small group and individual-level interventions (33% to 35%) were
observed among studies with count outcomes, shorter interven-
tion span (<= 1 month), better retention in the intervention group
than in the comparison group, and minimal to no HIV prevention
delivered to the comparison condition.

Table 2. Multivariable model: Small group and individual-level interventions

Variable Level k  RR (95% CI)
Outcome type Count 27 .65 (.53, .79)*
Dichot only 20 .84 (.64, 1.10)
Span of intervention <=1 month 25 .65 (.53, .82)*
>1 month 22 .84 (.69, 1.02)
Retention better in Intervention 27 .65 (.50, .86)*

Comparison or about equal 20 .83, (.71, .98)*

Control condition No HIV prevention 29 .67 (.54, .84)*

Some HIV prevention 18 .81 (.67, .98)*

*p<.05
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By contrast the least favorable reductions (16% to 19% decreases)
were observed among studies with only dichotomous outcomes,
those with longer intervention spans, those with approximately
equal retention or better retention in the comparison condition,
and those where the comparison condition received some inter-
vention relevant to HIV prevention. However the summary ef-
fects were still significant even among studies with stronger design
and implementation characteristics, specifically, HIV prevention
content delivered to the comparison condition and less attrition
from the comparison condition.

STRATIFIED ANALYSES OF RATE RATIOS FOR COMMU-
NITY-LEVEL INTERVENTIONS

We also examined differences in effectiveness for community-level
interventions according to characteristics of participants, design,
implementation, and intervention content [Table 3]. The com-
parison type for all community-level interventions was minimal
to no HIV prevention, so statistical control for comparison type
was not necessary in this subgroup.

Table 3. Stratified analyses for community-level interventions

Variable Level k RR(95% CI)

OVERALL 11 .70 (.55, .91)*

PARTICIPANTS

% Non-gay identified 0-21% 6 .86 (.61, 1.23)
26-100% 5 .59 (.42, .82)*

% Race/Ethnic minority 0-10% 5 .60 (42, .87)*
14-39% 6 .81 (.57, 1.15)

Location [ON) 7 .63 (.47, .86)*

UK, Russia, Bulgaria 4 .87 (.56, 1.34)

Mean age 22-30 5 .85 (.46, 1.55)
31-35 6 .68 (.51, .89)*
% HIV positive 1-6% 5 .80 (.45, 1.45)
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Table 3. Stratified analyses for community-level interventions  (Continued)

7-16% 6  .68(.52,.90)*
DESIGN
Allocation Random 4 .46 (.23, .90)*
Not random 7 .83 (.62, 1.11)
Recall period 1-2 months 6 .56 (.40, .81)*
3-12 months 5 .88 (.61, 1.25)
Follow-up time <=2 months 5 .82(.58,1.16)
6-16 months 6 .59 (.40, .85)*
Span (months) 1-6 6 .62 (.43, .88)*
8-32 5 .80 (.56, 1.14)
Outcome type Count 6 .63 (47, .85)*
Dichotomous 5 .92 (.57, 1.48)
Date conducted 1989-1994 5 .64 (45, .89)*
1996-2004 6  .80(.55,1.16)
Sampling Serial cross-section 6 .66 (.50, .88)*
Cohort 5 .86 (.51, 1.47)
IMPLEMENTATION
Background prevalence of un- 11-29% 5 .61 (41, .90)*
protected sex
30-68% 6 .78 (.56, 1.09)
Exposure to intervention 3-30% 3 .88 (.61, 1.27)
40-82% 3 .79 (.42, 1.51)
INTERVENTION
CONTENT
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Table 3. Stratified analyses for community-level interventions

(Continued)

Personal skills 3 .60 (.40, .91)*
Gains 9 .66 (.50, .88)*
Risk perception 6 .67(49,.91)*
Interpersonal skills 8  .68(.50,.92)*
Information 7 .82(.58,1.14)
Technical skills 4 .85(.54,1.33)
p<.05

Summary effects for all subgroups of community-level interven-
tions were favorable, but effects were statistically significant for
some subgroups and not for others. With regard to characteristics
of participants, the greatest reductions in unprotected sex (reduc-
tions of 40% or more) were observed among studies with more
than 25% non-gay identified men and those whose samples were at
least 90% white. Significant reductions were also observed among
studies conducted in the US; those with mean age of 31 or older;
and those with 7% or more HIV-positive men.

In terms of design and implementation, significant reductions of
40% or more were observed among community-level interven-
tions with random allocation, shorter recall periods, and longer
followup times. Significant summary effects were also seen among
studies with shorter intervention spans, count outcomes, those
conducted before 1995, those with serial cross-sectional designs,
and those with a lower background prevalence of unprotected
sex showed significant summary results. Summary effects in other
strata of design and implementation were not significant.

In terms of intervention content, a significant 40% reduction in
unprotected sex was observed among studies that addressed per-
sonal skills. Significant reductions were also seen among studies
that addressed gains, risk perception, and interpersonal skills. Fa-

vorable but non-significant reductions were observed among stud-
ies that addressed information and technical skills.

Because there were only 11 community-level interventions studies,
we did not search for a multivariable model for this subset.

PUBLICATION BIAS

Meta-analysis may be vulnerable to publication bias if studies with
less favorable results are not found and included. A useful test
for publication bias is based on the funnel plot, which compares
intervention effects to weights, standard errors, or sample sizes [
Macaskill 2001]. The typical thumbprint of publication bias is the
presence of more favorable effects among small studies than among
large studies. If increasing weights are plotted on the vertical axis
and increasing ratios (RR or PR more favorable to the comparison
condition) on the horizontal axis as in funnel plots 1.1, 1.2, 2.1,
and 2.2, the bottom right portion of the figure (representing small
studies with less favorable results) will contain fewer studies than
the bottom left (representing small studies with more favorable
results).

Funnel plots for interventions compared to minimal or no HIV
prevention do not appear to indicate publication bias because the
population of studies on the right side (indicating weaker effects) of
the summary effect is at least as dense as on the left side (indicating
stronger effects) [ Figure 2 and Figure 3].
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Figure 2. 1.1 No tx cntrl RR.RR for interventions vs minimal to no HIV prevention

Reviewy: Interventions to reduce risk for sexual transmission of HIY among men who have sex with men
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Figure 3. 1.2 No tx cntrl PR.PR for interventions vs minimal to no HIV prevention

Reviewy: Interventions to reduce risk for sexual transmission of HIY among men who have sex with men

Comparizon: 01 Intervention vs minimal to no HIY prevention
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However in the case of interventions compared to standard or
other HIV prevention, there may be somewhat fewer studies on
the right side of the summary effect than on the left side [ Figure 4
and Figure 5]. If this difference is due to publication bias, estimates
from meta-analysis may tend to overstate effects for interventions
compared to standard or other HIV prevention.

5
FPrevalence ratio (fixed)
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Figure 4. 2.1 Some tx cntrl RR.RR Experimental vs standard interventions
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Figure 5. 2.2 Some tx cntrl PR.PR Experimental vs standard interventions

Reviewy: Interventions to reduce risk for sexual transmission of HIY among men who have sex with men
Comparizon: 02 Experimental vs standard or other HIY prevention
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DISCUSSION

In randomized controlled trials and non-randomized trials with
independent control conditions as described above, behavioral in-
terventions for MSM reduced unprotected anal sex by 27% com-
pared to minimal or no intervention, and reduced the proportion
of men reporting any unprotected anal sex by 23%. When com-
pared to standard or other HIV prevention, experimental interven-
tions reduced number of episodes of or partners for unprotected
anal sex by 17% and proportion reporting any unprotected anal
sex by 7%. These effects were also evident in subgroup analyses
of small group and community-level interventions, and somewhat
less so for individual-level interventions.

The four characteristics most closely associated with effectiveness
of small group and individual-level interventions in multivariable
models warrant particular mention. As expected, effects were not
as strong when interventions were contrasted against control con-
ditions that included some content related to HIV prevention.
Statistical significance results from the interplay of sample size, the
strength of the intervention, and the strength of the comparison
condition. When designing new studies, researchers should not
underestimate the potential impact of active control conditions
on behavior. Control for demand (e.g., changing behavior because

that is what participants think is expected of them) and control
for attention (e.g., changing behavior because participants are en-
gaged in other activities or feel cared about during a research pro-
cess) are important issues that should be considered when examin-
ing the marginal cost of delivering HIV prevention content. Stud-
ies in which the comparison condition receives some intervention
relevant to HIV prevention will require larger sample sizes. But
if they are successful, they will lead to greater confidence that the
intervention is effective beyond attention and demand character-
istics of the comparison condition.

Because studies with count outcomes showed the most favorable
results, researchers and front-line prevention workers should be
aware that some risk reduction comes in the form of fewer occa-
sions of or partners for unprotected sex, even among those who
do not completely eliminate their risk. A reduction in number of
occasions of unprotected sex may have an important impact on
HIV transmission rates, particularly if the number of partners for
unprotected sex and the density of unprotected sexual networks
also decrease.

The fact that the most favorable results were observed among stud-
ies with a shorter intervention span suggests that a clear and fo-
cused risk reduction message may be most effective, at least for
MSM represented in these studies. Finally, effects were somewhat
stronger (though not statistically significantly so) in studies with
greater attrition in the comparison condition than in the interven-
tion condition. Therefore, differential retention may be a threat to
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validity in these studies, so extra effort should be given to retaining
participants in comparison conditions.

Among community-level interventions, rate ratios of .60 or less,
indicating a 40% or greater reduction in unprotected sex, were
observed in studies with random assignment, shorter recall periods
and longer follow-up times, those with more than 25% non-gay
identifying MSM, those with more than 90% white participants,
and interventions addressing development of personal skills.

We considered non-random assignment a potential threat to va-
lidity. If intervention effects had been stronger among studies with
non-random assignment, their results could have been considered
biased and a good argument could be raised for their exclusion
from these meta-analyses. However intervention effects were actu-
ally stronger (although not statistically significantly so) in studies
with random assignment. This result offers reassurance that inclu-
sion of non-randomized trials (which still had to include baseline
data for each condition and no evident source of bias in assign-
ment) in this meta-analysis did not introduce a bias toward favor-
able effects.

Itis encouraging to see effectiveness among community-level stud-
ies with longer follow-up times (6-16 months). Shorter recall pe-
riods may facilitate better recall and may improve chances of de-
tecting an intervention effect. But in combination with a longer
follow-up time, a short recall period implies an extended interim
period for which no data are available. This problem can be ad-
dressed by collecting multiple waves of follow-up data.

The greater effectiveness of interventions that include efforts to
promote personal skills such as keeping condoms readily avail-
able, avoiding excess intoxicants, self-reinforcement for behavior
change, and behavioral self-management indicates that such con-
tent merits strong consideration in development and delivery of
interventions for MSM. The greater effectiveness of interventions
including more than 25% non-gay identifying MSM suggests that
when they can be reached, these men are no less responsive than
gay-identified men to risk reduction efforts.

The finding that interventions were most effective for majority
white populations underscores the critical need for effective inter-
ventions for MSM of African and Latino descent. An adaptation of
the Kelly 1991Popular Opinion Leader Model has recently shown
success with young African American MSM in a nonrandomized
trial in North Carolina [Jones 2008].

Information on biologic outcomes was too limited to warrant
quantitative analysis. In one study, a small group intervention for
STD clinic patients showed modest reductions in unprotected sex
but also resulted in more STD infections than a standard 1-on-
1 counseling session about sexual risk behavior [Imrie 2001*@].
However an enhanced individual-level intervention with a simi-
larly modest reduction in unprotected sex was accompanied by a
substantial reduction in new HIV infections [Explore 2004*]. A

third study of a small group intervention for HIV-positive MSM
found (nonsignificantly) fewer non-viral STDs in the enhanced
intervention than in the standard intervention at followup, but
baseline differences made the results difficult to interpret [Wolitski
2005*]. Many more trials are needed to measure the effects of be-
havioral interventions on HIV and STD incidence.

Some populations at high risk, particularly African-American [
Leone 2004] and Latino MSM, and MSM in countries where
English is not the primary language, have been underrepresented
in intervention research. Factors affecting HIV risk are likely to
differ among such populations [Courtenay-Quirk 2003; Coleman
2003; Zea 2003; Millett 2004]. Use of alcohol and drugs, par-
ticularly methamphetamine, and attending bathhouses, sex clubs,
and circuit parties may be associated with risky sex among MSM
[Patterson 2003 drug; Lister 2003; Crosby 2003; Semple 2003].
A wide range of effective interventions specifically designed for
those at highest risk is urgently needed.

We chose unprotected anal sex as the outcome for these analyses
because it is clearly identified as a risk factor for HIV transmission
and it was available for all studies. But for better or worse, MSM
are also using other behavioral strategies in an effort to reduce
risk. Empirical examination of the effects of serosorting, negoti-
ated safety, withdrawal before ejaculation, strategic positioning,
and partner selection on HIV transmission is urgently needed [
Hoff 2004]. Perception of partner’s serostatus may be incorrect,
so the effectiveness of such strategies in avoiding HIV infection is
unknown. Availability of new treatments may contribute to com-
placency about HIV prevention [Demmer 2003]. In recent years
the internet has become an important factor in the HIV epidemic
[AIDS Alert 2004], but it may also be useful in prevention [AIDS
Alert 2003] and in partner notification [CDC 2004]. These rela-
tively new factors that may influence behaviors should be consid-
ered in future research.

AUTHORS’ CONCLUSIONS
Implications for practice

Meta-analysis provides a comprehensive view of results of studies
conducted to date. First, we conclude that behavioral HIV pre-
vention interventions for MSM reduce self-reported unprotected

sex and they should be funded.

The intervention content item associated with the greatest effec-
tiveness among small group and individual-level interventions was
a focus on losses rather than gains. It may be important in some
settings not to shy away from discussion of losses associated with
risky sexual behavior and HIV infection.

The intervention content item associated with the greatest effec-
tiveness among community-level interventions was personal skills
such as keeping condoms readily available, avoiding excess intoxi-
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cants, self-reinforcement for behavior change, and behavioral self-
management. Intervention curricula should address these skills,
and staff should be trained in their delivery. Community-level in-
terventions may also benefit from longer follow-up times.

The greater effectiveness of interventions including more than
25% non-gay identifying MSM suggests that when they can be
reached, these men may be more responsive than gay-identified
men to risk reduction efforts. Even though their initial level of risk
behavior tends to be lower than that of gay-identified men, non-
gay identified MSM may have less exposure to previous prevention
messages, so their initial exposure may have a greater impact.

Implications for research

Results of previous studies provide a benchmark for expectations
in new studies. Meta-analysis can inform future design and im-
plementation in terms of target populations, sample size, settings,
goals for process measures, and intervention content.

First and foremost, there is a critical need for effective interventions
for MSM of African and Latino descent.

When effects differ by design variables, which are deliberately
selected and planned, awareness of these characteristics may be
beneficial to future designs. Given results from the multivariable
model above, researchers designing new studies to measure inter-
vention effects should strongly consider measuring unprotected
sex as count outcomes including both the number of partners
for unprotected sex and the number of occasions of unprotected
sex. Researchers designing future small group and individual-level
studies should also keep in mind that to date, effects of the great-
est magnitude have been observed in studies that used a shorter
intervention span (up to 1 month).

Among small group and individual-level studies, effects were also
greatest when the comparison condition included minimal to no
HIV prevention content. However statistically significant favor-
able effects were also seen when the comparison condition in-
cluded standard or other HIV prevention content. Researchers
choosing the latter option for new studies should plan for larger
sample sizes based on the smaller expected net intervention effect
noted above.

When effects differ by implementation variables, which become
evident as the study is conducted but are not usually selected or
planned, caution may be advised so that future studies can reduce
bias. Because intervention effects were somewhat stronger (though
not statistically significantly so) in studies with a greater attrition
in the comparison condition, differential retention may be a threat

to validity. Extra effort should be given to retaining participants

in comparison conditions.

While community-level interventions may require longer follow-
up times, measurement of their effects also benefits from shorter
recall periods, which may necessitate multiple waves of data col-
lection. Also among community-level interventions, intervention
effects were strongest among studies with random assignment of
groups or communities. Therefore the inclusion of studies where
assignment of groups or communities was by convenience did not
exaggerate the summary effect.

Further research measuring the incidence of HIV and other STDs
is needed. Because most studies were conducted among mostly
white men in the US and Europe, more evaluations of interven-
tions are needed for African-American and Hispanic MSM and
MSM in the developing world. More research is also needed to fur-
ther clarify which behavioral strategies (e.g., reducing unprotected
anal sex, having oral sex instead of anal sex, reducing number of
partners, avoiding serodiscordant partners, strategic positioning,
or reducing anal sex even with condom use) are most effective in
reducing transmission among MSM, the messages most effective
in promoting these behaviors, and the methods and settings in
which these messages can be most effectively delivered.
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CHARACTERISTICS OF STUDIES
Characteristics of included studies /ordered by study ID]

Carballo-Diéguez2005

Methods random assignment

Participants 141 Latino MSM in New York

Interventions 8 sessions on themes of oppression, transgression of rules, excuses (or rationalizations), substance use, goal setting,
the role of pleasure, self-efficacy and plans for the future. Exercises included word association, story analysis, problem
solving, analysis of Spanish dichos (proverbs), discussion of participants weekly sexual diaries

Outcomes Occasions of UAIL; any UAI in past 2 mo

Notes wait list control

CDC ACDP 1999@

Methods series of cross-sectional surveys in matched communities

Participants 536 MSM who do not self-identify as gay, surveyed in public sex environments in Seattle, Denver, and southern

California 1991-95
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CDC ACDP 1999@  (Continued)

Interventions AIDS Community Demonstration Projects: Community level intervention in Seattle and East Denver featuring
distribution and discussion of flyers containing condoms and role-model stories from men in the community about
making progress toward consistent condom use (32 months in community)

Outcomes Any UAl in past 1 mo

Notes No treatment in the paired control communities (Long Beach and West Denver)

Choi 1996@

Methods random assignment

Participants 256 self-identified homosexual Asian or Pacific Islander men in San Francisco, 1992-94

Interventions API Living Well Project: Culturally specific brief group counseling including development of positive self-identity
and social support, safer sex education, eroticizing and negotiating safer sex. One 3-hr session.

Outcomes Any UAl in past 3 mo

Notes wait list control

Cleary 1995*@

Methods random assignment

Participants 112 MSM blood donors testing HIV-positive

Interventions  Individual counseling (IC) plus a cognitive behavioral and skills training support group to provide more detailed info,
encourage risk-reduction behavior, provide support and facilitate functional coping responses. 6 weekly meetings of
90 minutes

Outcomes Any UAI in past 2 weeks

Notes IC plus community referral

Coates 1989@

Methods random assignment

Participants 64 asymptomatic HIV-seropositive MSM who were not already practicing meditation regularly. San Francisco, 1987.

Interventions  stress mgt skills, systematic relaxation, health behavior change (8 sessions of 2 hrs and 1 all-day retreat)
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Coates 1989@

(Continued)

Outcomes Any UAl in past 1 mo

Notes wait list control
Dilley 2002 d*@

Methods random assignment to 1 of 4 conditions; all kept diary of sexual activity

Participants 138 MSM, San Francisco, 1997-2000

Interventions  Individual standard counseling (ISC, one 1-hr session) plus self-justifications (S]) session, where the client reviewed

and challenged his own self-justifications for a recent occasion of unsafe sex, AND diary of sexual activity for 90 days
(labeled B2 in article)

Outcomes Any UAl in past 3 mo

Notes ISC + diary but no SJ (labeled A2 in article)
Dilley 2002 n*@

Methods same study as above without diary

Participants

Interventions  ISC (one 1-hr session) plus SJ session, with no diary (labeled B1 in article)

Outcomes

Notes ISC only, no SJ or diary (labeled Al in article)

Dilley 2007*#

Methods random assignment

Participants 305 MSM attending San Francisco HIV CT clinic, 2002-04

Interventions  Individual personalized cognitive counseling by a paraprofessional along with usual CT

Outcomes Occasions of UAI with 2 most recent potentially serodiscordant noncommitted partners in past 3 mo

Notes Control received usual CT only
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Elford 2001@

Methods staggered implementation across 5 gyms; serial cross-sectional survey
Participants 1010 MSM in 5 gyms in London, 1997-98
Interventions Community level intervention: replication of Kelly 1991 in 5 gyms. Difficulties reported in delivering the intervention;
only 3% of respondents reported having been spoken to by volunteers.
Outcomes Any UAl in past 3 mo
Notes lagged design (for control gyms)
Explore 2004*
Methods random assignment
Participants 3775 MSM in 6 US cities 1999-2003
Interventions  Ten 1-on-1 counseling sessions followed by maintenance sessions every 3 mo. Risk assessment, sexual communication,
knowledge of HIV serostatus, alcohol and drug use, triggers for unsafe sex, motivational interviewing. Total span up
to 48 mo
Outcomes Occasions of UAIL; any UAI in past 6 mo
Notes Control condition was twice-yearly counseling & HIV testing
Flowers 2002
Methods Glasgow assigned to intervention. Edinburgh to control. Behaviors measured in 2 cross sectional surveys
Participants 2271 men at gay bars in Glasgow, Edinburgh 1996-99
Interventions Gay Men’s Task Force: Community-level intervention delivered through gay bars in Glasgow. Peer-led sex health
promotion, gay-specific genitourinary medicine services, free phone hotline w/sex health info & details of local sexual
health services, endorsement of testing, risk assessment, and sexual health. 9 months in community, 2 days training
for peer educators
Outcomes Occasions of UAIL; any UAI in past 12 mo
Notes No treatment in Edinburgh
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Gold 1995 po*

Methods random assignment to 1 of 3 conditions

Participants 109 gay men who had recently had UAI. Melbourne and Sydney, 1993

Interventions  Individual level. Diary of sexual behavior for 16 weeks, plus (at 4 weeks) examination of posters used in AIDS
education (10 posters)

Outcomes Occasions of UAI; any UAI in past 12 weeks

Notes 16-week sexual diary only

Gold 1995 sj*

Methods same study as above

Participants

Interventions  Individual level. Diary of sexual behavior for 16 weeks, plus (at 4 weeks) evaluation of their own self- justifications
for an occasion of UAI (2 exercises)

Outcomes

Notes 16-week sexual diary only

Gold 1998 rse*

Methods random assignment to 1 of 3 conditions; all were assigned to keep a diary

Participants 92 MSM who had recently had UAIL; Melbourne and Sydney, 1996

Interventions  Individual level. Assigned to describe in detail a recent sexual encounter that included anal sex without a condom
Outcomes Occasions of UAI; any UAI in past 12 weeks

Notes Diary only

Gold 1998 sjp*

Methods

same study as above

Participants
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Gold 1998 sjp*

(Continued)

Interventions

Individual level. Assigned to examine and describe 10 AIDS education posters highlighting the pitfalls of SJ

Outcomes
Notes Diary only
Harding 2004
Methods random assignment
Participants 19 MSM in London 2000
Interventions  ‘SM sex: an introduction to the SM scene’. Sessions address assumptions and knowledge, practical tools of SM sex,
risk taking, emotional aspects, sexually transmitted infections and HIV transmission, rights and responsibilities, legal
issues, the role of fantasy, and limits and boundaries. Up to 25 group members, 4 sessions of 7 hrs
Outcomes Occasions of UAI; any UAI in past 3 mo
Notes Wait list
Healthy Living 2007#
Methods random assignment
Participants 936 HIV+ people in Los Angeles, Milwaukee, New York, and San Francisco. 57% were MSM
Interventions  Individual level. 15 90-minute sessions in 3 modules: stress, coping, adjustment; safer behaviors; and health behaviors
Outcomes Occasions of UAI in past 3 mo at 5, 10, 15, 20, and 25 mo after randomization
Notes Wait list
Hoff 1997
Methods Portland assigned to intervention, Tucson to control
Participants 537 MSM in Portland, OR and Tucson, AZ 1992-1996
Interventions  The Portland intervention targeted community mobilization, social support, education, outreach, volunteer coordi-
nation, HIV testing, and provider mobilization. 18 months in community
Outcomes Occasions of UAIL; any UAI in past 1 mo, past 12 mo
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Hoff 1997 (Continued)

Notes No treatment in Tucson

Imrie 2001*@

Methods random assignment

Participants 252 gay men attending a sexual health clinic with acute STT or unprotected sex in past year. London 1995-98
Interventions Gay Men Project: standard mgt (1-to-1 counseling & referrals, 20 minutes) plus 1-day small group workshop
Outcomes Any UAI in past 1 mo, past 12 mo

Notes Standard management only

Kalichman 2001#

Methods random assignment

Participants 164 MSM with HIV (62% of participants were MSM, 74% African Americans), Atlanta 1997

Interventions  Support group to create sexual health and relationship plans, develop communication and disclosure skills, learn
hazards of co-infection with other STI. Five 120-min sessions

Outcomes Occasions of UAI in past 3 mo

Notes Support group for health maintenance. Five 120-min sessions

Kegeles 1996@

Methods Eugene (Oregon) assigned to intervention, Santa Barbara (California) to control

Participants ~ Cohort of 100 young gay men in intervention community (Eugene, Oregon) and 88 in comparison community
(Santa Barbara, California) 1993

Interventions Mpowerment Project: Community-level peer-led program for young gay men including outreach, small groups, and
a publicity campaign (8 months in community)

Outcomes Any UAI in past 2 mo

Notes lagged design (for comparison community)
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Kegeles 2002@

Methods Albuquerque assigned to treatment, Austin and Phoenix to control
Participants 632 young MSM in Albuquerque, Austin, Phoenix 1997-98
Interventions  Based on theories of empowerment, diffusion and peer mobilization, the Albuquerque intervention featured a young
gay men’s community center, a core group of men who ran the project, informal outreach among friends, formal
outreach at gay venues and social events, and small groups focused on safer sex and informal outreach. 12 months in
community
Outcomes Any UAl in past 2 mo
Notes No treatment in Austin and Phoenix
Kelly 1989#
Methods random assignment of individuals
Participants 85 MSM in Jackson, Mississippi, 1987
Interventions  Project ARIES: AIDS risk education, cognitive-
behavioral self-mgt training, sexual assertion training, development of relationship skills, and social support (12
weekly meetings of 75-90 min each)
Outcomes Occasions of UAI in past 4 mo
Notes wait list
Kelly 1991
Methods randomized lagged design of intervention delivery to communities; serial cross-sectional survey
Participants 634 MSM at gay bars in 3 communities in Mississippi and Louisiana, 1989
Interventions  Popular Opinion Leader (POL): Community level intervention in which popular opinion leaders were trained to
endorse behavior change to peers in gay clubs (4 wkly training sessions, 90 minutes each)
Outcomes Occasions of UAIL; any UAI in past 2 mo
Notes lagged design (for 2 control communities)
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Kelly 1993 cb

Methods random assignment to 1 of 3 conditions

Participants 69 depressed HIV-positive men in Milwaukee 1991

Interventions Milwaukee AIDS Project: Cognitive behavioral approach with behavioral or skill training themes (8 wkly 90-minute
sessions)

Outcomes Occasions of UAI; any UAI in past 3 mo

Notes

Kelly 1993 ss

Methods same study as above

Participants

Interventions  Social support group (8 wkly 90-minute sessions)

Outcomes

Notes Crisis therapy only if requested

Kelly 1997

Methods random assignment to intervention within each of 4 pairs of communities; serial cross sectional survey

Participants 386 MSM in 4 pairs of communities in Wisconsin, New York, West Virginia, and Washington 1991-94

Interventions  Scale-up of POL. Community level intervention in gay bars. Popular men were engaged to advocate benefits of
behavior change to peers, and HIV education materials were placed in bars (5 wkly training sessions of 2 hrs each
for opinion leaders)

Outcomes Occasions of UAIL; any UAI in past 2 mo

Notes Educational materials in bars only

Miller 1998

Methods lagged design across 3 neighborhood bars; serial cross-sectional survey
Participants 385 men (57% identified as gay, 31% as bisexual) men at hustler bars in New York City, 1996
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Miller 1998 (Continued)

Interventions Hustler Bar Project: Community level intervention. Replication of Kelly 1991 in hustler bars

Outcomes Occasions of UAI; any UAI in past 2 mo

Notes lagged design (2 control bars)

Patterson 2003 b#

Methods random assignment to 1 of 4 conditions

Participants 286 HIV+ volunteers recruited by posters, service providers and others, and reporting unprotected sex with HIV-
negative or unknown status partners. These 286 who identified as gay or bisexual constituted 85% of the followup
respondents. San Diego 1999-2001

Interventions  Booster-enhanced social cognitive intervention in 3 domains (condom use, negotiation of safer sex, disclosure of
HIV status). One 90-min comprehensive session plus two 90-min booster sessions

Outcomes Occasions of UAI in past 4 mo

Notes Three 90-min sessions on diet and exercise

Patterson 2003 c#

Methods same study as above

Participants

Interventions Comprehensive social cognitive intervention in 3 domains (condom use, negotiation of safer sex, disclosure of HIV
status). 90 minutes

Outcomes

Notes Three 90-min sessions on diet and exercise

Patterson 2003 s#

Methods same study as above

Participants

Interventions  Targeted social cognitive intervention in 1 of 3 domains (condom use, negotiation of safer sex, disclosure of HIV
status) selected by participant.
90 minutes
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Patterson 2003 s# (Continued)

Outcomes

Notes Three 90-min sessions on diet and exercise

Peterson 1996 1s

Methods random assignment of small groups of consecutively enrolled individuals to 1 of 3 conditions

Participants 177 African American homosexual and bisexual men in San Francisco and Oakland 1989-91

Interventions 1 session on AIDS risk education, cognitive- behavioral self- management training, assertion training, self-identity

and social support (one 3-hr session)

Outcomes Occasions of UAI; any UAI in past 6 mo

Notes wait list

Peterson 1996 3s

Methods same study as above

Participants

Interventions 3 sessions on AIDS risk education, cognitive- behavioral self- management training, assertion training, self-identity

and social support (3 weekly 3-hr sessions)

Outcomes

Notes wait list

Picciano 2001#

Methods random assignment

Participants 89 MSM who reported 3 or more recent episodes of oral or anal sex without condoms; Seattle 1998-99

Interventions  Feedback by telephone regarding a baseline risk assessment (1 hour)

Outcomes Occasions of UAI in past 6 wk
Notes wait list
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R-B 2004 in person@

Methods random assignment to 1 of 3 conditions

Participants 121 substance-using young MSM with HIV, most referred by social service agencies or medical providers. The 121
MSM constituted 69% of the followup respondents. Los Angeles, New York, San Francisco, 1999-2002

Interventions  Individual format modification of RB 2001 to increase participation. Improving physical health, maintaining drug
regimens, coping with learning HIV status, health care decisions. Reducing unprotected sex and substance use,
examining trigger situations, condom use and negotiation skills and self-efficacy. Focus on condom use rather than
disclosure. Reducing distress, anticipating situations that raise anxiety, depression, fear, or anger. Recognizing and
controlling negative emotion with relaxation, self-instruction, meditation. Identifying life goals. 18 weekly 2-hr
sessions. Delivered in person

Outcomes Any UAl in past 3 mo

Notes wait list

R-B 2004 phone@

Methods same study as above

Participants

Interventions  Same as above, but delivered by telephone

Outcomes

Notes wait list

Read 2006*#

Methods random assignment

Participants 110 MSM age 18+ who receive HIV negative test results at the Hollywood gay service center [year?]

Interventions  Individual level. Interactive video (IAV) with peer counseling vs peer counseling alone. IAV designed to simulate the
emotional, interpersonal, and contextual narrative of a real sexual encounter while challenging and changing risky
responses

Outcomes Occasions of UAI past 3 mo

Notes Peer counseling only
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Richardson 2004 g@

Methods 2 clinics were assigned to each of 3 conditions gain frame (G), loss frame (L) or control

Participants 402 MSM patients at 6 HIV treatment clinics, California 1999

Interventions  Two clinics assigned to use a gain-framed approach (G) (positive consequences of safer-sex). Prevention counseling
from medical providers supplemented with written information. 3-5 min every visit; 4 hrs training for clinicians

Outcomes Any UAl in past 3 mo

Notes 2 attention- control clinics were assigned to medication adherence intervention
Richardson 2004 L@

Methods same study as above

Participants

Interventions  Same as above, but two clinics were assigned to a loss-frame (L) approach (negative consequences of unsafe sex)

Outcomes

Notes same as above
Roffman 1997

Methods random assignment

Participants 410 MSM in western US, 1992-94

Interventions  Project ARIES: Small group telephone conferences of geographically dispersed MSM; permitted anonymity and
participation by men in rural areas. Coping strategies to deal with high-risk situations, setting realistic, client-centered
risk reduction goals, identifying antecedents to risk behavior. 14 weekly 90-min phone calls

Outcomes Occasions of UAI; any UAI in past 4 wk

Notes wait list
Roffman 1998#
Methods alternating assignment

Participants 129 MSM at risk of relapse to unsafe sex, Seattle 1989-91
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Roffman 1998#

(Continued)

Interventions

Relapse prevention: HIV education, motivation, listening, self-talk, assertiveness, avoiding risky situations, debriefing,

maintenance strategies, social support, self-esteem. 17 weekly sessions of 2 hours each

Outcomes

Occasions of UAI in past 3 mo

Notes

wait list

Rosser 1990 c@

Methods random assignment

Participants 139 sexually active gay men in Auckland, New Zealand, 1987-88

Interventions Individual HIV prevention counseling using a behavioral HIV risk assessment system (30 min)
Outcomes Any UAI past 2 mo outside a mutually monogamous relationship

Notes no treatment

Rosser 1990 e@

Methods same study as above

Participants

Interventions  Small group workshop on eroticizing safer sex (2 to 2.5 hrs)
Outcomes

Notes no treatment

Rosser 1990 s@

Methods same study as above

Participants

Interventions  Small group Stop AIDS workshop (2 to 2.5 hrs)
Outcomes

Notes no treatment
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Rosser 1990 v@

Methods same study as above

Participants

Interventions  video on safer sex (15 min)

Outcomes

Notes no treatment
Rosser 2002*@

Methods random assignment

Participants 169 MSM in Minneapolis 1997-98

Interventions Minnesota Men’s Study: comprehensive seminar featuring systematic desensitization, study of homosexual identity
formation, sexual health education, research on cofactors of unsafe sex (drugs, alcohol, loneliness, falling in love). 2
full-day sessions

Outcomes Any UAl in past 3 mo

Notes 3-hour HIV prevention video

Rotheram-Borus 2001@

Methods

Participants 94 young MSM with HIV at 4 clinical care sites. (63% of the total sample size). Los Angeles, New York, San Francisco,
Miami 1994-1997

Interventions  First module Staying Healthy, e.g., coping with learning HIV status, disclosure, health care decisions. Second module
Acting Safe, e.g., protecting self and partner, safer sex options, drugs and alcohol, avoiding internal and external
triggers, anxiety and anger. Total of 23 weekly 2-hr sessions

Outcomes Any UAl in past 3 mo

Notes Usual clinical activities
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Sampaio 2002*@

Methods random assignment

Participants 227 MSM in Salvador, Brazil 1998-99

Interventions  Projeto Contato: Safer sex workshop with games, role playing, small group discussion using verbal and nonverbal
communication. Basic info, clarification of misconceptions, recognition of risk. Nongenital practices, safe sex in
committed vs. other relationships, mechanics of using condoms, strategies for refusing unsafe sex, negotiating new
sexual patterns. One 3-4 hr session with 15-20 subjects

Outcomes Any UAl in past 1 mo

Notes 1-hr lecture & discussion on infectious disease, condom skills

Shepherd 1997

Methods one community (Southampton) chosen for intervention, another for control; cohorts enrolled and surveyed in each
Participants 54 young MSM (mean age 24 years) in gay-friendly environments, Southampton (England) 1996
Interventions Community level. The HAPEER Project: Young peer educators administered a structured interview to peers to recruit
for study, collect baseline data, initiate discussion of sexual health, and identify and respond to individual sexual
health needs
Outcomes Occasions of UAI; any UAI in past 3 mo
Notes Comparison group: young MSM in a neighboring gay community
Shoptaw 2005 cbt*
Methods random assignment to 1 of 4 conditions
Participants 162 meth-dependent MSM in Los Angeles, 1998-2000
Interventions CBT+CR: both treatments simultaneously
Outcomes Occasions of UAI; any UAI in past 1 mo
Notes CR: Vouchers (e.g., for groceries, camera equipment, plane fare to visit family, clothing) for drugabstinence. Escalating
value for successive negative urine samples with reset after relapse; max total value $1300
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Shoptaw 2005 g*

Methods same study as above

Participants

Interventions  Gay-specific enhancement of CBT. Difference in sexual behavior on and off drug, indicators of meth use in sexual
partners and friends, comparison of revealing one’s drug problem to the coming out process, examples from circuit
parties. 90 min 3 times / wk

Outcomes

Notes CBT: group education to initiate meth abstinence and quickly resume abstinence if relapse occurs. Internal and exter-
nal triggers, stages of recovery from meth dependence, identification of emotional states signaling relapse. Cognitive
skills such as thought stopping, craving management, relapse analysis, adoption of healthy lifestyle behaviors. 90 min
3 times / wk

Sorensen 2003*

Methods random assignment

Participants 42 substance abusers with HIV/AIDS at a teaching and public hospital from inpatient medical wards, outpatient
heroin detox clinic, and emergency department. (These 42 MSM constituted 48% of follow-up respondents). San
Francisco 1994-1997

Interventions 12 months intensive case management for Hybrid of full service and referral models. Case managers were parapro-
fessionals, former consumers of HIV or substance abuse treatment services.

Outcomes Occasions of UAL; any UAI in past 1 mo

Notes Brief contact: education, risk reduction info, referrals

Stall 1999@

Methods alternating assignment of small groups

Participants 129 MSM attending a nonresidential treatment center in San Francisco 1990-93

Interventions  Closed group treatment for substance use disorder plus exercises concerning sexual risk-taking (16-week program,
two 3-hour sessions per week)

Outcomes Any UAI past 3 mo

Notes Group treatment for substance use only
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Tudiver 1992 c4@

Methods random assignment to 1 of 3 conditions

Participants 500 gay men in Toronto, 1990

Interventions  Talking Sex Project: 4 sessions led by paid counselors. Discussion of safer sex, personal experiences, coping strategies,
skills, and role plays (4 weekly 2-hr sessions)

Outcomes Any UAl in past 3 mo

Notes wait list

Tudiver 1992 p1@

Methods same study as above

Participants

Interventions 1 session led by trained volunteers. Discussion of safer sex, personal experiences, coping strategies, skills, and role
plays (one 3-hr session)

Outcomes

Notes wait list

Valdiserri 1989*

Methods random assignment of small groups of consecutively enrolled individuals

Participants 432 homosexual and bisexual men in Pittsburgh, 1986-87

Interventions  AIDS Prevention Project: AIDS information and safer sex lecture followed by skills training, discussion and rehearsal
of safer sex negotiation (total 140 min)

Outcomes Number of partners for UAL any UAI in past 6 mo

Notes small group lecture only (60-90 min)
Wolitski 2005*
Methods random assignment

Participants 811 HIV+ MSM, New York and San Francisco, 2000-02
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Wolitski 2005*  (Continued)

Interventions  Group activities facilitated by HIV+ peers. Building community for HIV+, information, personal responsibility,
assumptions and disclosure of serostatus, communication skills, effects of substance use and behavior on immune
system, coping with HIV, mental health. Six 3-hr sessions

Outcomes Occasions of UAIL; any UAI in past 3 mo

Notes 90 min forum and lecture

Interventions were delivered in small group format unless specified as community- or individual-level.

* = comparison condition included standard or other HIV prevention intervention

@ = dichotomous data only

# = count data only

(studies with no @ or # sign had both dichotomous and count data)

CBT = cognitive-behavioral therapy

CR = contingent reinforcement (sometimes called contingency management)

ISC = individual standard counseling

Meth = methamphetamine

Mgt = management

MSM = men who have sex with men

SJ = self-justifications

UAI = unprotected anal intercourse

For serial cross-sectional surveys (CDC ACDP 1999, Elford 2001, Flowers 2002, Hoff 1997, Kelly 1991, Kelly 1997, Miller 1998),
sample sizes shown are half the total number surveyed, because about half represent baseline and about half represent follow-up
measurements. For all other studies, sample sizes shown are the number of respondents at follow-up. Number of respondents are
averaged across multiple followup times. Participant sample sizes include only MSM participants. When multiple interventions were
evaluated against comparison conditions in a single study (Dilley 2002, Gold 1995, Gold 1998, Kelly 1993, Patterson 2003, Peterson
1996, Rotheram-Borus 2004, Richardson 2004, Rosser 1990, Shoptaw 2005, Tudiver 1992), the total follow-up sample size is shown
under “Participants” only in the first entry representing that study.

Characteristics of excluded studies /ordered by study ID]

Antoni 2000 HIV prevention not a focus of the intervention

Blake 2001 Comparison between schools according to 4 levels of pre-existing gay-sensitive instruction; no assignment to
intervention condition

Bowen 2007 No behavioral outcomes reported - outcomes are knowledge, outcome expectancies, and self-efficacy. Only 1
week followup before control group received the intervention

Card 2001 Targeted adolescents, not specific to MSM. For use in communities, schools, family planning clinics, STD
clinics, mental health centers, and drug rehabilitation centers
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(Continued)

Chesney 2003 Intervention focused on coping for HIV-positives rather than behavior change

Cote & Pepler 2002 RCT of coping outcomes only for HIV-positive men

Cote & Pepler 2005 RCT of coping outcomes only for HIV-positive men, secondary to Cote 2002

Cruess 2002 Targeted and measured stress reduction, depressive symptoms, and related skills and attitudes rather than

sexual behavior

Dilorio 2007

No occurrence of the words gay, homosexual, bisexual, or sex with males

Fisher 2006 Only 15% of intervention participants and 10% of comparison participants had homosexual sex as route of
HIV infection

French 2000 No control group. Gay men in London

Heckman 2004 Intervention focused on coping and distress among HIV-positives rather than sexual risk behavior change

Hospers 1999

No independent comparison group. 362 MSM at cruising areas in the Netherlands.

Huebner 2002 pre-intervention to post-intervention change in attitudes only
Jones 2008 No comparison condition. Adaptation of POL intervention with African American MSM in North Carolina
Kelly 1990 No comparison group data

Miller 1995

Not randomized, and only one time point for comparison group. For studies that were not randomized, we
required separate baseline and follow-up for both intervention and comparison groups.

Nokes 2003 Case study of 2 sessions with no control group. 1st session included 5 gay men. 2nd session included 2 of the
members from the first session plus 3 more gay men and 1 woman

Perry 1991 No behavioral outcomes reported. Mentioned that no HIV infections occurred during the study

Reback 2004 No comparison group

Remafedi 1994

No comparison group

Rosser 1991

Overlap with Rosser 1990

Toro-Alfonso

No independent comparison group

Ziersch 2000

No data were obtained from the comparison site
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Zimmerman 1997  No independent comparison group
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DATA AND ANALYSES

Comparison 1. Intervention vs minimal to no HIV prevention

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 RR Occasions of or partners 40 Rate ratio (Fixed, 95% CI) 0.73 [0.63, 0.85]
for unprotected sex [@ = PR
substituted for RR]
1.1 Small group interventions 18 Rate ratio (Fixed, 95% CI) 0.70 [0.55, 0.90]
(Rate ratios)
1.2 Individual-level 11 Rate ratio (Fixed, 95% CI) 0.80 [0.60, 1.06]
interventions (Rate ratios)
1.3 Community-level 11 Rate ratio (Fixed, 95% CI) 0.70 [0.55, 0.91]
interventions (Rate ratios)
2 PR Proportion reporting any 40 Prevalence ratio (Fixed, 95% CI) 0.77 [0.72, 0.83]
unprotected sex [# = RR
substituted for PR]
2.1 Small group interventions 18 Prevalence ratio (Fixed, 95% CI) 0.73 [0.64, 0.84]
(Prevalence ratios)
2.2 Individual-level 11 Prevalence ratio (Fixed, 95% CI) 0.84 [0.74, 0.97]
interventions (Prevalence
ratios)
2.3 Community-level 11 Prevalence ratio (Fixed, 95% CI) 0.75 [0.66, 0.84]

interventions (Prevalence
ratios)

Comparison 2. Experimental vs standard or other HIV prevention

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 RR Occasions of or partners 18 Rate ratio (Fixed, 95% CI) 0.83 [0.73, 0.95]
for unprotected sex [@ = PR
substituted for RR]
1.1 Small group interventions 8 Rate ratio (Fixed, 95% CI) 0.77 [0.59, 1.01]
(Rate Ratios)
1.2 Individual-level 10 Rate ratio (Fixed, 95% CI) 0.86 [0.73, 1.00]
interventions (Rate Ratios)
2 PR Proportion reporting any 18 Prevalence ratio (Fixed, 95% CI) 0.93 [0.89, 0.97]
unprotected sex [# = RR
substituted for PR]
2.1 Small group interventions 8 Prevalence ratio (Fixed, 95% CI) 0.87 [0.78, 0.97]

(Prevalence ratios)
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2.2 Individual-level
interventions (Prevalence
ratios)

10

Prevalence ratio (Fixed, 95% CI)

0.94 [0.90, 0.99]

Analysis |.1. Comparison | Intervention vs minimal to no HIV prevention, Outcome | RR Occasions of or
partners for unprotected sex [@ = PR substituted for RR].

Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IV,Fixed,95% Cl IV,Fixed,95% Cl

| Small group interventions (Rate ratios)
Kelly 1989# -0.9396 (0.574) DA — 1.8 % 039[0.13,1.20]
Coates 1989@ 0 (0.8196) 09 % 1.00 [ 0.20, 4.98 ]
Rosser 1990 e@ 02719 (1.3478) 03% .31 [0.09, 1842 ]
Rosser 1990 s@ 0.7828 (1.353) 03% 2.19[0.1531.02]
Tudiver 1992 pl@ -0.3642 (0.3741) - 1 42 % 0691033, 145]
Tudiver 1992 c4@ -0.0075 (0.4339) - 1 3.1% 099[042,232]
Roffman 1998# -0.3626 (0.4208) R 33% 070031, 1.59]
Peterson 1996 3s -2.386 (1.1526) D 04 % 0.09[001,088]
Peterson 1996 s -1.8787 (1.1058) DE— 0.5 % 0.15[0.02, 1.33]
Kelly 1993 cb 02574 (09153) 07 % 129[022,7.78]
Kelly 1993 ss -1.3571 (1.0345) D R 05% 026003, 1.96]
Stall 1999@ 02811 (0.5253) I 2.1 % 1.32[ 047,371 ]
Roffman 1997 -0.4002 (0.2562) -1 8.9 % 0671041, 1.117]
Choi 1996@ -02267 (0.6951) - ] 12% 0801020 3.11]
Rotheram-Borus 2001@ -02113 (0.8457) 08 % 081 [0.15425]
Kalichman 2001# -1.1123 (0.5605) D 1.9 % 033[0.11,099]
Harding 2004 -0.5509 (1.2099) 04 % 058005, 6.17]
Carballo-Diguez2005 -0.1466 (0.3349) - 1 52% 086 [ 045, 1.66]

Subtotal (95% CI) - 36.6 % 0.70 [ 0.55, 0.90 ]

Heterogeneity: Chi? = 12,98, df = 17 (P = 0.74); I> =0.0%

Test for overall effect: Z = 2.82 (P = 0.0048)

0.2 0.5 1.0 20 50

Favours treatment Favours control

(Continued . . .)
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(... Continued)

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IV,Fixed,95% Cl IV/Fixed,95% Cl

2 Individual-level interventions (Rate ratios)
Rosser 1990 v@ 0.5596 (1.3428) 03 % 1.75[0.13,2432]
Rosser 1990 c@ -04212 (1.3974) 03 % 066004, 10.15]
Picciano 2001 # -0.7084 (0.5547) * 1.9 % 049[0.17, 146 ]
Patterson 2003 b# 0.0252 (0.4937) N 24 % 1.03[0.39,270]
Patterson 2003 c# -0.2421 (0.4926) R B 24 % 0.78 [ 0.30, 2.06 ]
Patterson 2003 s# 0.06 (0.4774) T 26 % .06 [042,271]
Richardson 2004 g@ 0.0079 (04651) 2.7 % 101 [041,251]
Richardson 2004 L@ -0.3334 (0.4875) I 25% 0.72[028, 1.86]
R-B 2004 in person@ 0.2519 (1.1209) 0.5 % 129 [0.14, 11.57 ]
R-B 2004 phone@ 04262 (1.2284) 04 % 1.53[0.14, 1701 ]
Healthy Living 2007# -0.3354 (0.2201) T 12.1 % 0.72[ 046, 1.10]

Subtotal (95% CI) - 28.0 % 0.80 [ 0.60, 1.06 ]

Heterogeneity: Chi? = 2.75, df = 10 (P = 0.99); > =0.0%

Test for overall effect: Z = 1.54 (P = 0.12)

3 Community-level interventions (Rate ratios)
Kelly 1991 -0.1137 (0.3816) - T 4.0 % 0.89[042, 1.89]
Kelly 1997 -1.3736 (0.343) " 50% 025[0.13,050]
Kegeles 1996@ -0.343 (1.0907) 0.5 % 0.71 [ 008, 6.02]
CDC ACDP 1999@ -0.1919 (0.3692) I 43 % 0.83[040, 1.70]
Hoff 1997 -0.1025 (0.317) T 58 % 090048, 1.68]
Shepherd 1997 -0.0572 (0.8487) 0.8 % 094[0.18,498]
Miller 1998 -04789 (04172) 1 34 % 0.62[027,140]
Elford 2001@ 0.1169 (0.3676) I A 43 % [.12[055,231]
Flowers 2002 -0.3185 (0.2998) I 65% 0.73[040, 1.31]
Kegeles 2002@ -0413 (0.9601) 0.6 % 0.66[0.10,434]
Amirkhanian 2005@ -04654 (1.6351) 02 % 0.63[003,1548]

Subtotal (95% CI) - 35.4 % 0.70 [ 0.55, 0.91 ]

Heterogeneity: Chi? = 11.93, df = 10 (P = 0.29); I> =16%

Test for overall effect: Z = 2.74 (P = 0.0062)

Total (95% CI) -* 100.0 % 0.73 [ 0.63, 0.85 ]

Heterogeneity: Chi? = 28.26, df = 39 (P = 0.90); I> =0.0%

Test for overall effect: Z = 4.15 (P = 0.000033)

Test for subgroup differences: Chi? = 0.60, df = 2 (P = 0.74), I> =0.0%

0.2 0.5 1.0 20 50

Favours treatment

Favours control
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IVFixed,95% Cl IV/Fixed,95% Cl

| Small group interventions (Rate ratios)
Kelly 1989# -09396 (0.574) DA — 1.8 % 039[0.13,1.20]
Coates 1989@ 0 (0.8196) 09 % 1.00 [ 0.20, 4.98 ]
Rosser 1990 e@ 02719 (1.3478) 03% .31 [0.09, 1842 ]
Rosser 1990 s@ 0.7828 (1.353) 03% 2.19[0.1531.02]
Tudiver 1992 pl@ -0.3642 (0.3741) - 1 42 % 0691033, 145]
Tudiver 1992 c4@ -0.0075 (04339) - 1 3.1% 099[042,232]
Roffman 1998# -0.3626 (0.4208) - 1 33% 070031, 1.59]
Peterson 1996 3s -2.386 (1.1526) D 04 % 0.09[001,088]
Peterson 1996 s -1.8787 (1.1058) D — 0.5 % 0.15[0.02, 1.33]
Kelly 1993 cb 02574 (09153) 07 % 129[022,7.78]
Kelly 1993 ss -1.3571 (1.0345) D R 05% 026003, 1.96]
Stall 1999@ 02811 (0.5253) I 2.1% 1.32[ 047,371 ]
Roffman 1997 -0.4002 (0.2562) -1 8.9 % 0671041, 1.11]
Choi 1996@ -0.2267 (0.6951) - 1 12% 0801020 3.11]
Rotheram-Borus 2001@ -02113 (0.8457) 08 % 081 [0.15425]
Kalichman 2001# -1.1123 (0.5605) D 1.9 % 033[0.11,099]
Harding 2004 -0.5509 (1.2099) 04 % 058005, 6.17]
Carballo-Diguez2005 -0.1466 (0.3349) - T 52% 086 [ 045, 1.66]

Subtotal (95% CI) - 36.6 % 0.70 [ 0.55, 0.90 ]

Heterogeneity: Chi? = 12,98, df = 17 (P = 0.74); I> =0.0%

Test for overall effect: Z = 2.82 (P = 0.0048)

0.2 0.5 10 20 50
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IV,Fixed,95% Cl IV/Fixed,95% Cl

2 Individual-level interventions (Rate ratios)
Rosser 1990 v@ 0.5596 (1.3428) 03% 1.75[0.13,2432 ]
Rosser 1990 c@ -04212 (1.3974) 03% 0.66 [ 004, 10.15 ]
Picciano 2001# -0.7084 (0.5547) R 1.9 % 04910.17, 1.46]
Patterson 2003 b# 0.0252 (0.4937) - 24 % 103[0.39,270]
Patterson 2003 c# -0.2421 (0.4926) - 1 24 % 0.78 [ 0.30, 206 ]
Patterson 2003 s# 0.06 (0.4774) - 2.6 % 1.06 [ 042, 2.71 ]
Richardson 2004 g@ 0.0079 (0.4651) -1 27 % 101 [041,251]
Richardson 2004 L@ -0.3334 (0.4875) - 1 25% 0721028, 1.86]
R-B 2004 in person@ 02519 (1.1209) 05% 129 [0.14, 1157 ]
R-B 2004 phone@ 04262 (1.2284) 04 % 1.53[0.14, 1701 ]
Healthy Living 2007# -0.3354 (0.2201) T 12.19% 072046, 1.10]

Subtotal (95% CI) - 28.0 % 0.80 [ 0.60, 1.06 ]

Heterogeneity: Chi? = 2.75, df = 10 (P = 0.99); > =0.0%

Test for overall effect: Z = 1.54 (P = 0.12)
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IV,Fixed,95% Cl IV,Fixed 95% Cl

3 Community-level interventions (Rate ratios)
Kelly 1991 -0.1137 (0.3816) - T 4.0 % 0.89[042, 1.89]
Kelly 1997 -1.3736 (0.343) D 50% 0.25[0.13,050]
Kegeles 1996@ -0.343 (1.0907) 0.5 % 0.71 [ 008, 6.02]
CDC ACDP 1999@ -0.1919 (0.3692) I 4.3 % 0.83[040, 1.70]
Hoff 1997 -0.1025 (0.317) T 58% 090048, 1.68]
Shepherd 1997 -0.0572 (0.8487) 0.8 % 094[0.18,498 ]
Miller 1998 -04789 (04172) - 1 34% 0.62[027,140]
Elford 2001@ 0.1169 (0.3676) I 4.3 % [.12[055,231]
Flowers 2002 -0.3185 (0.2998) I 65 % 0.73[040, 1.31]
Kegeles 2002@ -0413 (0.9601) 0.6 % 0.66[0.10,434]
Amirkhanian 2005@ -04654 (1.6351) 0.2 % 0.63[003,1548]

Subtotal (95% CI) - 35.4 % 0.70 [ 0.55, 0.91 ]

Heterogeneity: Chi2 = 11.93, df = 10 (P = 0.29); I> =16%

Test for overall effect: Z = 2.74 (P = 0.0062)
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Analysis 1.2. Comparison | Intervention vs minimal to no HIV prevention, Outcome 2 PR Proportion

reporting any unprotected sex [# = RR substituted for PR].

Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup

log [Prevalence ratio]

(SE)

Prevalence ratio Weight

IVFixed,95% ClI

Prevalence ratio

IV Fixed,95% Cl

| Small group interventions (Prevalence ratios)

Kelly 1989#

Coates 1989@
Rosser 1990 e@
Rosser 1990 s@
Tudiver 1992 pl@
Tudiver 1992 c4@
Roffman 1998#
Peterson 1996 3s
Peterson 1996 s
Kelly 1993 cb

Kelly 1993 ss

Stall 1999@
Roffman 1997

Choi 1996@
Rotheram-Borus 200 1@
Kalichman 2001 #
Harding 2004
Carballo-Diguez2005

Subtotal (95% CI)

09396 (027)
0 (0.6614)
02719 (09951)
07828 (1.0131)
03642 (02674)
-00075 (0.2955)
-03626 (0.1501)
06506 (04327)
0 (04356)
-00451 (0.886)
-08409 (1.171)
02811 (0.3464)
02377 (0.1443)
-02267 (0.2024)
02113 (0.3816)
-1.1123 (0.286)
-0.7449 (1.054)

00272 (02256)

Heterogeneity: Chi2 = 22.81, df = 17 (P = 0.16); I> =25%
Test for overall effect: Z = 4.58 (P < 0.00001)

2 Individual-level interventions (Prevalence ratios)

Rosser 1990 v@
Rosser 1990 c@

Picciano 2001 #

0.5596 (0.9965)
04212 (1.0769)

07084 (02871)

- 20%

03%

0.1 %
R 0.1 %
- 1 20%
I 1.7 %
- 65 %

- 1 0.8 %

 E— 0.8 %

02%

0.1 %

] 1.2 %

] 70 %

e 36%

1.0 %

1.8 %

0.1 %
1 29 %

> 323 %

0.1 %

0.1 %

" 1.8 %

039023 066]
1.00 [ 027, 3661
131[0.19,923]

2197030, 1593 ]
069041, 1.17]
099056, 1771
070[052,093]
052022, 122]
1.00 [ 043,235 ]
096[0.17,543]
043[0.04,428]
132[067, 261 ]
079059, 1.05]
080054, 1.19]
081038 171]
033[0.19,058]
047 0.06,375]
0971063 151]

0.73 [ 0.64, 0.84 ]

175 [025, 12341
066008 542]

049 [ 0.28, 0.86 ]
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(... Continued)

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IV,Fixed 95% Cl IV,Fixed 95% Cl

Patterson 2003 b# 0.0252 (0.2077) I 34 % 1.03 068, 1.54]
Patterson 2003 c# -0.2421 (0.2097) i 33% 0.78 [ 052, 1.18]
Patterson 2003 s# 0.06 (0.2082) - 34 % 1.06 [071, 1.60]
Richardson 2004 g@ 0.0079 (0.2529) -1 23% 101 [061,1.65]
Richardson 2004 L@ -0.3334 (0.2636) -1 2.1 % 0.72[043, 120]
R-B 2004 in person@ 02519 (0.3296) ] 1.3% 129 [067,245]
R-B 2004 phone@ 04262 (0.3164) n 1.5 % 1.53[0.82,285]
Healthy Living 2007# -0.3354 (0.1147) - 1.1 % 0.72[0.57,090]

Subtotal (95% CI) - 30.4 % 0.84 [ 0.74, 0.97 |

Heterogeneity: Chi? = 14.48, df = 10 (P = 0.15); I> =31%

Test for overall effect: Z = 2.46 (P = 0.014)

3 Community-level interventions (Prevalence ratios)
Kelly 1991 -0.3166 (0.2138) T 32% 0.73[048, I.11]
Kelly 1997 -0.5366 (0.2151) iy 32% 0.58[0.38,0.89]
Kegeles 1996@ -0.343 (0.2443) T 24 % 0.71 [ 044, 1.15]
CDC ACDP 1999@ -0.1919 (0.3001) R 1.6 % 0.83[046, 149 ]
Hoff 1997 -0.1025 (0.1833) T 43 % 090[063,129]
Shepherd 1997 -0.3365 (0.7999) ‘ 02 % 0.71[0.15,343]
Miller 1998 -0.2675 (0.2489) - 24 % 0.77[047,125]
Elford 2001@ 0.1169 (0.2292) - 28 % 11120072, 1.76]
Flowers 2002 -0.155 (0.163) T 55% 0.86[0.62, 1.18]
Kegeles 2002@ -0413 (0.2842) T 1.8 % 0.66[038, 1.15]
Amirkhanian 2005@ -04654 (0.1217) - 9.9 % 0.63[049,0.80]

Subtotal (95% CI) * 37.3 % 0.75 [ 0.66, 0.84 ]

Heterogeneity: Chi? = 8.64, df = 10 (P = 0.57); > =0.0%

Test for overall effect: Z = 4.66 (P < 0.00001)

Total (95% CI) . 100.0 % 0.77 [ 0.72, 0.83 ]

Heterogeneity: Chi? = 48.36, df = 39 (P = 0.14); I> =19%

Test for overall effect: Z = 6.81 (P < 0.00001)

Test for subgroup differences: Chi? = 2.44, df = 2 (P = 0.30), I> =18%
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IVFixed,95% Cl IV/Fixed,95% Cl

| Small group interventions (Prevalence ratios)
Kelly 1989# -09396 (0.27) - 20% 0.39[023,066]
Coates 1989@ 0 (0.6614) 03% 1.00 [ 0.27, 3.66 ]
Rosser 1990 e@ 02719 (0.9951) 0.1'% 1.3110.19,9.23]
Rosser 1990 s@ 07828 (1.0131) — 0.1'% 2.19[030, 1593 ]
Tudiver 1992 pl@ -0.3642 (0.2674) R 20% 0691041, 1.17]
Tudiver 1992 c4@ -0.0075 (0.2955) -1 1.7 % 0991056, 1.77]
Roffman 1998# -0.3626 (0.1501) - 6.5 % 070[052,093]
Peterson 1996 3s -0.6506 (0.4327) R 08 % 0521022, 1.22]
Peterson 1996 s 0 (0.4356) - 1 0.8 % 1.00 [ 043,2.35]
Kelly 1993 cb -0.0451 (0.886) 02% 096[0.17,543]
Kelly 1993 ss -0.8409 (1.171) 0.1'% 0431004, 4.28]
Stall 1999@ 02811 (0.3464) - 12 % 1.32[ 067,261 ]
Roffman 1997 -02377 (0.1443) 7 70 % 0791059, 1.05]
Choi 1996@ -0.2267 (0.2024) T 3.6 % 080054 1.19]
Rotheram-Borus 2001@ -02113 (0.3816) D 1.0 % 0817038 1.71]
Kalichman 2001# -1.1123 (0.286) D 1.8 % 0.33[0.19,058]
Harding 2004 -0.7449 (1.054) 0.1'% 0471006, 3.75]
Carballo-Diguez2005 -0.0272 (0.2256) -1 29 % 0971063, 151]

Subtotal (95% CI) > 32.3 % 0.73 [ 0.64, 0.84 |

Heterogeneity: Chi? = 22.81, df = 17 (P = 0.16); I> =25%

Test for overall effect: Z = 4.58 (P < 0.00001)
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: | Intervention vs minimal to no HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IV,Fixed,95% Cl IV/Fixed,95% Cl

2 Individual-level interventions (Prevalence ratios)
Rosser 1990 v@ 05596 (0.9965) 0.1'% 175025, 1234 ]
Rosser 1990 c@ -0.4212 (1.0769) 0.1'% 0.66[0.08, 542 ]
Picciano 2001# -0.7084 (0.2871) R 1.8 % 0491028,086]
Patterson 2003 b# 0.0252 (0.2077) -1 34 % 1.03 068, 1.54]
Patterson 2003 c# -0.2421 (0.2097) - 33% 078052 1.18]
Patterson 2003 s# 0.06 (0.2082) - 34 % 1.06 [0.71, 1.60 ]
Richardson 2004 g@ 0.0079 (0.2529) -1 23% 101 (061, 1.65]
Richardson 2004 L@ -0.3334 (0.2636) - 2.1% 0.72[043,1.20]
R-B 2004 in person@ 02519 (0.3296) I 1.3% 129 [0.67,245]
R-B 2004 phone@ 04262 (0.3164) T 1.5 % 1.530.82,2.85]
Healthy Living 2007# -0.3354 (0.1147) - I1.1% 0.72[057,090]

Subtotal (95% CI) - 30.4 % 0.84 [ 0.74, 0.97 |

Heterogeneity: Chi? = 14.48, df = 10 (P = 0.15); I> =31%

Test for overall effect: Z = 2.46 (P = 0.014)
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men
Comparison: | Intervention vs minimal to no HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IV,Fixed95% Cl IV,Fixed 95% Cl

3 Community-level interventions (Prevalence ratios)
Kelly 1991 -0.3166 (0.2138) T 32% 0.73[048, I.11]
Kelly 1997 -0.5366 (0.2151) I 32% 0.58[0.38,0.89 ]
Kegeles 1996@ -0.343 (0.2443) - T 24 % 071 [044, 1.15]
CDC ACDP 1999@ -0.1919 (0.3001) - 1 1.6 % 0.83[ 046, 149 ]
Hoff 1997 -0.1025 (0.1833) T 43 % 090063, 129]
Shepherd 1997 -0.3365 (0.7999) R 02 % 0.71 [0.15,343]
Miller 1998 -0.2675 (0.2489) -1 24 % 0.77[047,125]
Elford 2001@ 0.1169 (0.2292) - 28 % 11120072, 1.76]
Flowers 2002 -0.155 (0.163) e 55% 086062, 1.18]
Kegeles 2002@ -0413 (0.2842) - T 1.8 % 0.66 038, 1.15]
Amirkhanian 2005@ -04654 (0.1217) ™ 9.9 % 0.63[049,080]

Subtotal (95% CI) * 37.3 % 0.75 [ 0.66, 0.84 ]

Heterogeneity: Chi2 = 8.64, df = 10 (P = 0.57); > =0.0%

Test for overall effect: Z = 4.66 (P < 0.00001)
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Analysis 2.1. Comparison 2 Experimental vs standard or other HIV prevention, Outcome | RR Occasions of

or partners for unprotected sex [@ = PR substituted for RR].

Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup

log [Rate ratio]

Rate ratio Weight

Rate ratio

(SE) IVFixed,95% Cl IV,Fixed,95% Cl

I Small group interventions (Rate Ratios)
Valdiserri 1989% -0.3442 (0.2964) -1 52% 0.71 [ 040, 127]
Cleary 1995*@ -0.1033 (0.6034) 1.3% 090[028,294]
Imrie 2001 *@ -0.1438 (0.3404) T 4.0 % 0.87[044, 1.69 ]
Rosser 2002*@ -047 (0.5104) - 1 1.8 % 0.63[023,1.70]
Sampaio 2002*@ -0.4568 (1.0179) 04 % 0.63[0.09, 4.66 ]
Shoptaw 2005 cbt* 0.0592 (0.3899) y 30% 1.06 [049,228]
Shoptaw 2005 g* -0.8142 (0.3872) iy 3.1 % 044[021,095]
Wolitski 2005* -0.0989 (0.2693) T 63% 091 [053, 1.54]

Subtotal (95% CI) - 25.0 % 0.77 [ 0.59, 1.01 ]

Heterogeneity: Chi? = 3.55, df = 7 (P = 0.83); 1> =0.0%

Test for overall effect: Z = 1.91 (P = 0.056)

2 Individual-level interventions (Rate Ratios)
Gold 1995 sj* -0.2163 (0.8649) 0.6 % 081 [0.15439]
Gold 1995 po* 0.0322 (0.7818) 0.7 % 1.03[022,478]
Gold 1998 sjp* 0.1057 (0.9193) 05 % .11 [0.18 674]
Gold 1998 rse* 0.0317 (0.9223) 05 % 1.03[0.17,629]
Sorensen 2003* -04227 (0.7403) ‘ 0.8 % 0.66[0.15,280]
Dilley 2002 n*@ -0.7725 (0.5316) ‘ . 1.6 % 046[0.16, 1.31]
Dilley 2002 d*@ -047 (0.5381) 7 1.6 % 0.63[022,1.79]
Explore 2004* -0.1008 (0.0875) L3 599 % 090[0.76, 1.07 ]
Read 2006*# -0.2043 (0.5927) 1.3% 0.82[0.26,2.60]
Dilley 2007*# -0.4055 (0.2503) T 7.3 % 0.67[041, 1.09]

Subtotal (95% CI) * 75.0 % 0.86 [ 0.73, 1.00 ]

Heterogeneity: Chi? = 340, df = 9 (P = 0.95); 1> =0.0%

Test for overall effect: Z = 1.99 (P = 0.047)

Total (95% CI) - 100.0 % 0.83 [ 0.73, 0.95 ]

Heterogeneity: Chi2 = 7.38, df = 17 (P = 0.98); I> =0.0%

Test for overall effect: Z = 2.68 (P = 0.0075)

Test for subgroup differences: Chi? = 043, df = | (P = 0.51), > =0.0%
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup

log [Rate ratio]
(SE)

Rate ratio
IV,Fixed,95% Cl

Weight

Rate ratio
IV,Fixed,95% Cl

I Small group interventions (Rate Ratios)

Valdiserri 1989%
Cleary 1995*@
Imrie 2001 *@

Rosser 2002*@

Sampaio 2002*@

Shoptaw 2005 cbt*

Shoptaw 2005 g*

Wolitski 2005*

Subtotal (95% CI)

-03442 (0.2964)
-0.1033 (0.6034)
-0.1438 (0.3404)

-047 (05104)
-04568 (1.0179)
00592 (0.3899)
-08142 (0.3872)

-0.0989 (0.2693)

Heterogeneity: Chi? = 3.55, df = 7 (P = 0.83); 1> =0.0%
Test for overall effect: Z = 1.91 (P = 0.056)

52%
1.3%
4.0 %
1.8 %
04 %
30%
3.1 %
63%

25.0 %

071040, 127]
09071028 294]
087044, 1.69]
063023, 170]
063009, 4.66 ]
1.06 [ 049, 228 ]
044[021,095]

091053, 1.54]

0.77 [ 0.59, 1.01 ]
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: | RR Occasions of or partners for unprotected sex [@ = PR substituted for RR]

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio
(SE) IVFixed,95% Cl IV/Fixed,95% Cl
2 Individual-level interventions (Rate Ratios)
Gold 1995 sj* -0.2163 (0.8649) 0.6 % 081 [0.15439]
Gold 1995 po* 0.0322 (0.7818) 0.7 % 1.03[0.22,4.78 ]
Gold 1998 sjp* 0.1057 (0.9193) 05 % I.LI1T0.18, 674]
Gold 1998 rse* 0.0317 (0.9223) 05 % 1.03[0.17,629]
Sorensen 2003* -0.4227 (0.7403) D 08 % 0.66[0.15,280]
Dilley 2002 n*@ -0.7725 (0.5316) R 1.6 % 046 [0.16,1.31]
Dilley 2002 d*@ -0.47 (0.5381) 7 1.6 % 0631022, 1.79]
Explore 2004* -0.1008 (0.0875) = 599 % 0901076, 1.07]
Read 2006*# -0.2043 (0.5927) - 1 1.3% 0.82[026,260]
Dilley 2007*# -0.4055 (0.2503) -1 73% 0671041, 1.09]
Subtotal (95% CI) - 75.0 % 0.86 [ 0.73, 1.00 ]

Heterogeneity: Chi? = 340, df = 9 (P = 0.95); 1> =0.0%
Test for overall effect: Z = 1.99 (P = 0.047)
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Analysis 2.2. Comparison 2 Experimental vs standard or other HIV prevention, Outcome 2 PR Proportion

reporting any unprotected sex [# = RR substituted for PR].

Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio]

Prevalence ratio Weight

Prevalence ratio

(SE) IV,Fixed,95% Cl IV,Fixed95% Cl

| Small group interventions (Prevalence ratios)
Valdiserri 1989% -0.1484 (0.1162) - 4.0 % 0.86 [ 0.69, 1.08 ]
Cleary 1995*@ -0.1033 (0.4412) 03 % 090[038,2.14]
Imrie 2001 *@ -0.1438 (0.1182) 1 38% 0.87[0.69, 1.09]
Rosser 2002*@ -0.47 (0.3832) T 04 % 0.63[029, 132]
Sampaio 2002*@ -0.4568 (1.2175) 0.0 % 0.63[0.06, 6.89 ]
Shoptaw 2005 cbt* -0.087 (0.2263) 1.0 9% 092059, 143]
Shoptaw 2005 g* 0.1203 (0.1855) 1.6 % [.13[078, 1.62]
Wolitski 2005% -0.1933 (0.1034) . 50% 0.82[067,101]

Subtotal (95% CI) - 16.0 % 0.87 [ 0.78, 0.97 |

Heterogeneity: Chi? = 3.1 1, df = 7 (P = 0.87); 1> =0.0%

Test for overall effect: Z = 240 (P = 0.016)

2 Individual-level interventions (Prevalence ratios)
Gold 1995 sj* -0.1001 (0.254) 0.8 % 090055, 149]
Gold 1995 po* 0.0636 (0.2369) 1.0 9% 1.07[067,1.70]
Gold 1998 sjp* 0.1525 (0.2584) I R 08 % .16 070, 193]
Gold 1998 rse* 0.0317 (0.2682) — 0.7 % 103061, 1.75]
Sorensen 2003* -0.1516 (0.1763) T 1.7 % 086 [ 061, 1.21]
Dilley 2002 n*@ -0.7725 (0.3224) 05 % 046[025,087]
Dilley 2002 d*@ -047 (0.2951) — 0.6 % 0.63[035, I.11]
Explore 2004* -0.0409 (0.0267) | 749 % 096091, 101]
Read 2006*# -0.0816 (0.3695) 04 % 092045, 190]
Dilley 2007*# -0.4055 (0.1466) iy 25 % 0.67 050, 0.89 ]

Subtotal (95% CI) * 84.0 % 0.94 [ 0.90, 0.99 |

Heterogeneity: Chi? = 1424, df =9 (P =0.11); I> =37%

Test for overall effect: Z = 2.33 (P = 0.020)

Total (95% CI) * 100.0 % 0.93 [ 0.89, 0.97 |

Heterogeneity: Chi2 = 1896, df = |7 (P = 0.33); I> =10%

Test for overall effect: Z = 3.09 (P = 0.0020)

Test for subgroup differences: Chi? = 1.61, df = | (P = 0.20), I> =38%
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men

Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IV,Fixed,95% Cl IV/Fixed,95% CI
| Small group interventions (Prevalence ratios)
Valdiserri 1989% -0.1484 (0.1162) - 40 % 086 [0.69, 1.08]
Cleary 1995*@ -0.1033 (04412) 03% 0901038, 2.14]
Imrie 2001 *@ -0.1438 (0.1182) 1 38 % 087069, 1.09]
Rosser 2002*@ -047 (0.3832) 04 % 0631029, 1.32]
Sampaio 2002*@ -0.4568 (1.2175) 00 % 0.63[0.06, 6.89 ]
Shoptaw 2005 cbt* -0.087 (0.2263) e R 1.0 % 0921059, 143]
Shoptaw 2005 g* 0.1203 (0.1855) 1.6 % 1113078, 1.62]
Wolitski 2005* -0.1933 (0.1034) " 50% 0821067, 101]
Subtotal (95% CI) - 16.0 % 0.87 [ 0.78, 0.97 |
Heterogeneity: Chi? = 3.1 1, df = 7 (P = 0.87); 1> =0.0%
Test for overall effect: Z = 2.40 (P = 0.016)
0.5 0.7 1.0 15 20
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Review: Behavioral interventions to reduce risk for sexual transmission of HIV among men who have sex with men
Comparison: 2 Experimental vs standard or other HIV prevention

Outcome: 2 PR Proportion reporting any unprotected sex [# = RR substituted for PR]

Study or subgroup log [Prevalence ratio] Prevalence ratio Weight Prevalence ratio
(SE) IV,Fixed,95% Cl IV/Fixed,95% Cl

2 Individual-level interventions (Prevalence ratios)
Gold 1995 sj* -0.1001 (0.254) 08 % 090055, 1.49]
Gold 1995 po* 0.0636 (0.2369) 1.0 % 107067, 1.70 ]
Gold 1998 sjp* 0.1525 (0.2584) I B — 08 % 1.16 [0.70, 1.93]
Gold 1998 rse* 0.0317 (0.2682) N 07 % 103061, 1.75]
Sorensen 2003* -0.1516 (0.1763) T 1.7 % 086 [ 061, 1.21]
Dilley 2002 n*@ -0.7725 (0.3224) 05% 046 025,087 ]
Dilley 2002 d*@ -047 (0.2951) T 0.6 % 0637035, 1.11]
Explore 2004* -0.0409 (0.0267) | 749 % 096091, 1.01]
Read 2006*# -0.0816 (0.3695) 04 % 092045, 1.90]
Dilley 2007*# -0.4055 (0.1466) iy 25% 0.67[050,0.89 ]

Subtotal (95% CI) * 84.0 % 0.94 [ 0.90, 0.99 |

Heterogeneity: Chi? = 1424, df =9 (P =0.11); I> =37%

Test for overall effect: Z = 2.33 (P = 0.020)

05 07 10 15 20
Favours treatment Favours control
WHAT’S NEW
Last assessed as up-to-date: 30 April 2008.
14 May 2008 Amended Converted to new review format.

7 February 2008  New citation required and conclusions have changed ~ Substantive amendment
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