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Abstract
Background.  Internet sex-seeking has been associated at the person level with sexual risk.  However, the most robust method of encounter-level inference to determine associations between internet sex-seeking and sexual risk is to compare encounters against each other.  We systematically reviewed within-subjects comparisons of sexual encounters that tested associations between internet sex-seeking and sexual risk in men who have sex with men.
Methods.  We systematically searched databases on 9 July 2013, then screened records and full-text articles in duplicate and independently.  Studies were synthesised narratively.
Results.  Four studies were included.  Though studies were generally of high quality, findings were inconsistent and did not show clear evidence of a relationship between internet sex-seeking and sexual risk.
Conclusions.  Further research in internet sex-seeking amongst men who have sex with men is required, particularly as internet-enabled sexual sociality continues to evolve.  Internet-based health promotion may wish to target person-level features instead of encounter-specific characteristics.
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Introduction
	The internet is a commonly used method for seeking out sex partners.  A systematic review including studies from the United States, the United Kingdom, Sweden and the Netherlands found that the prevalence of internet sex-seeking in men who have sex with men (MSM) was 40% [1].  More recent estimates from internet sex surveys examining characteristics of last encounter (63% met online [2]) and community-recruited samples (36.5% report regular last-year internet sex-seeking [3]) support the continued high prevalence of internet sex-seeking.
[bookmark: _GoBack]	Global, person-level association studies have found associations between reporting internet sex-seeking and unprotected anal intercourse (UAI) [4–8].  However, it is not clear if these findings are due to person-level or encounter-level differences.  Specifically, person-level association studies that compare MSM who use the internet for sex-seeking with MSM who do not use the internet for sex-seeking are in fact capturing general propensity for sexual risk behaviour and number of sexual partners, instead of differences in risk between sexual encounters [5].  This has implications for HIV prevention, including the targeting of interventions to person-level characteristics or encounter-specific situations.  To best understand the specific association of internet sex-seeking on sexual risk, analyses that compare encounters against each other within respondents using either case-crossover designs or related methods are most appropriate [9].  To this end, we systematically reviewed within-subjects comparisons to determine the evidence for event-level associations between internet sex-seeking and sexual risk behaviour in MSM.
Methods
	Studies were drawn from an evidence synthesis project examining encounter-level risk factors in MSM.  We included studies in this analysis if:
· the study sample was limited to MSM;
· independent variables tested included whether or not a sexual partner was met on the internet;
· dependent variables tested included sexual behaviours;
· data were collected after 1996, when highly active antiretroviral therapy (HAART) became widely available;
· studies compared sexual encounters against each other within respondents, using any appropriate statistical model; and
· studies were reported as full-length articles, dissertations or reports.
Using search terms for population, study design, outcome, and timespan, we searched the following databases on 9 July 2013: MEDLINE with MEDLINE In-Process & Other Non-Indexed Citations; PsycINFO; Embase; CINAHL; ISI Web of Science; Sociological Abstracts; ASSIA; and Dissertations and Theses A&I.  We also hand-searched journals from 1996 through online articles posted by July 2013 and the reference lists of included studies.  Our search strategy for MEDLINE, Embase and PsycINFO was as follows:
1. (gay or bisexual or homosexual or queer or LGBT* or men who have sex with men or MSM).mp. or exp homosexuality/ or exp homosexuality, male/ or exp bisexuality/ or exp transsexualism/ or exp transvestism/
2. (event$ or encounter$ or episode$ or (critical adj2 incident) or conditional logistic regression or multi-day or multiday or diary or association$).mp.
3. (HIV or condom or (safe* adj2 sex*) or (unsafe* adj2 sex*) or (unprotected adj3 intercourse*) or (protected adj3 intercourse*) or risky sex*).mp. or exp sexually transmitted diseases/ or exp safe sex/ or exp sexual behavior/ or exp HIV infections/ or exp Acquired Immunodeficiency Syndrome/
4. 1 AND 2 AND 3
5. limit 4 to yr=”1996–Current”
Search results were exported to a reference manager, where they were de-duplicated.  Two reviewers, working independently, screened abstracts and titles for eligibility against inclusion criteria to assess for ‘definite’ exclusion—that is, if studies definitively did not meet at least one inclusion criterion.  Full-text versions of remaining records were then obtained, to which both reviewers applied the inclusion criteria independently.  Differences at each stage were resolved by discussion, with reference to a third reviewer when necessary.  The first reviewer, working independently, extracted data from each study on study sample and design.  Additionally, data were extracted for relevant statistical models tested.  The second reviewer checked extraction independently.
Because of the lack of widely accepted critical appraisal guidance covering the designs covered here (see below), quality assessment was not undertaken a priori, though we did appraise included studies post hoc.  Study-level findings were synthesised narratively.  Because of heterogeneity in study designs, analytic methods and event-level variables and covariates, study-level findings were not meta-analysed.
Results
	Searches for the evidence synthesis project yielded 11,510 records.  After de-duplication, 6,336 records remained.  Screening led to the exclusion of 6,198 records, with 138 records remaining.  Four studies [10–13] met our inclusion criteria (see Figure 1).
	Characteristics of included studies.  Three studies [10–12] were conducted on United States samples using internet sex diaries covering between four weeks and six weeks of sexual activity, of which two asked about any sexual behaviour with a partner and one asked about anal intercourse with a partner (see Table 1).  One study [13] was conducted in Australia and asked respondents in person about their last anal intercourse encounters with and without a condom (i.e., protected anal intercourse, or PAI, and UAI).  Sample sizes ranged from 29 to 207 MSM.  One study focused on HIV-seronegative MSM, while another study focused on MSM living with HIV.  One study [10] was published as a dissertation, while all others were journal articles.
	Analytic methods.  Two studies [11,12] used multilevel models (also known as generalised linear mixed-effects models or hierarchical linear models) to compare sexual encounters within subjects.  One study [13] used McNemar’s test, often used in matched case-control studies and in univariate case-crossover analyses, to compare encounters within subjects.  One study [10] compared the person-level probabilities of different sexual behaviours with partners met on the internet and partners not met on the internet using paired t-tests.
	Appraisal of reporting.  Included studies were generally of high quality.  Studies generally specified hypotheses clearly and described sampling frames and sample characteristics.  Studies described results clearly.  One study [12] did not report effect sizes for multivariate models likely due to space restrictions.
Study findings.  Evidence for an association between sexual risk behaviours and meeting a partner on the internet was inconsistent and unclear (see Table 2).  One study [10] did not find any evidence for an association between meeting a partner on the internet and probability of: any anal intercourse; any anal intercourse by positionality; or any UAI by positionality.  However, in models controlling for age of respondent, another study [11] found that meeting a partner online was significantly associated with decreased odds of UAI as compared to all other sexual behaviours.  This association was not statistically significant when UAI was compared against only PAI.  Comparing anal intercourse encounters with casual partners in HIV-seronegative MSM, Prestage and colleagues [13] found no statistically significant association between meeting a partner on the internet and UAI.  Conversely, when Wilson [12] examined anal-intercourse events in MSM living with HIV, he found that meeting a partner online was associated both with increased odds of UAI and with increased odds of serononconcordant UAI.  These associations were still significant in multivariate models controlling for partner and venue characteristics.
Discussion
	This systematic review demonstrated unclear and inconsistent associations at the event level between encounters with partners met on the internet and sexual risk behaviours, though the body of included studies was small and all were at least five years old at the time of searching.  Though studies were of high quality, used appropriate analytic methods and compared UAI against other sexual behaviours in a variety of ways, there was little evidence to suggest a consistent relationship when comparing encounters within respondents.  While a strength of this review was its focus on studies using the most rigorous design for event-level inference, all systematic reviews of observational studies are susceptible to publication bias due to non-publication of non-significant results and retrieval bias due to searches.  All reasonable steps were taken to avoid these biases, including searching dissertations.
	The findings of this review temper the results of previous reviews [1] and global association and single-event studies of internet sex-seeking and sexual risk which have suggested that MSM who seek sex on the internet are more likely to engage in UAI.  This may be because propensity towards internet sex-seeking and propensity towards UAI are associated at the person level despite internet sex-seeking not being associated with risk at the event level.
	As pointed out by Mustanski and colleagues [14], additional within-subjects comparisons are needed, particularly as digital culture and technology evolve and as internet-enabled, smartphone-based geosocial networking applications continue to enable anonymous sexual encounters.  The internet sex-seeking patterns of several years ago may well have different epidemiological implications than those of today’s smartphone-enabled culture, and particularly among young MSM.[14]  Indeed, new research is needed now more than ever as internet-based dating sites and smartphone applications continue to alter the landscape of sexual behaviour in MSM.  Their decreasing novelty may mean that any apparent differentials between venues of meeting partners in sexual risk may have diminished even further.  Person-level association studies [15] and event-level studies [16] have both established that these apps have changed the ability of MSM to recruit new sexual partners with increasing ease.  Within-subjects comparisons can be of use both in understanding the degree to which internet sex-seeking is associated at the event level with sexual risk and in helping to disentangle the mechanisms by which these behaviours are related.  Moreover, interventions for sexual risk delivered over the internet may consider focusing on person-level characteristics rather than characteristics of internet-arranged sexual encounters specifically.[16]  As internet sites and smartphone apps continue to become popular among MSM, their acceptability and effectiveness as a forum for HIV prevention and safer sex messages should be investigated as well.[17]
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	Study
	Location
	Years data collected
	Collection method
	Sample size
	Encounter definition
	Encounters per person
	Analytic method

	Horvath 2005 [10]
	Western United States internet based recruitment
	Unclear
	Structured daily internet sex diary for 28 days
	n=29 MSM with both internet and non-internet partners
	Sexual behaviour with a partner
	Unclear
	Paired t-tests

	Mustanski 2007 [11]
	United States internet based recruitment
	2003
	Structured daily internet sex diary for 30 days
	n=113 non-monogamous MSM
	Sexual behaviour with a partner
	4.69 encounters per person
	Multilevel model

	Prestage et al. 2005 [13]
	Sydney, Australia
	2001-2003
	In-person interview
	n=207 HIV- MSM with regular partners and n=264 HIV- MSM with casual partners
	Last 2 anal intercourse: with and without a condom
	2 encounters per person for each comparison
	McNemar's test

	Wilson et al. 2008 [12]
	New York City, United States
	2004-2008?
	Structured weekly internet sex diary for 6 weeks
	n=100 HIV+ MSM
	Last anal intercourse in the week
	About 3 encounters per sexually active participant; 275 encounters for 100 MSM, of which 258 analysed
	Multilevel model


Table 1.  Included study characteristics.



Table 2.  Analyses reported in included studies.[footnoteRef:1] [1:  *p<0.05, **p<0.01, ns=non-significant] 

	Study
	Outcome variables
	Univariate model results
	Multivariate results

	Horvath 2005 [10]
	Anal intercourse v. other sex
	Internet: 58% v. non: 48%, ns
	None

	
	Receptive anal intercourse v. other sex
	Internet: 23% v. non: 24%, ns
	None

	
	Insertive anal intercourse v. other sex
	Internet: 41% v. non: 31%, ns
	None

	
	Receptive UAI v. other sex
	Internet: 10% v. non: 12%, ns
	None

	
	Insertive UAI v. other sex
	Internet: 21% v. non: 14%, ns
	None

	Mustanski 2007 [11]
	UAI v. other sex
	None
	Meeting partner online: OR 0.40* (95% CI 0.17-0.97), age: OR 0.97 (0.92-1.02)

	
	UAI v. protected anal intercourse
	None
	Meeting partner online: OR 0.35 (95% CI 0.10-1.22), age: OR 0.99 (0.81-1.20)

	Prestage et al. 2005 [13]
	UAI v. protected anal intercourse
	Meeting partner through internet 12.9% v. 13.3%, ns
	None

	Wilson et al. 2008 [12]
	UAI v. protected anal intercourse
	Partner met online: OR 4.3** (95% CI 1.8-10.4)
	Met partner online*; substance use: self ns, partner ns, self and partner ns; discussions about HIV/condom use*

	
	SNUAI v. other anal intercourse
	Partner met online: OR 2.9* (95% CI 1.2-7.5)
	Met partner online*; strong sexual attraction*; encounter in sex party or bathhouse*



Figures
Figure 1.  Flowchart of this systematic review.
