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Background

This review will synthesise evidence on e-health interventions aiming to reduce the
‘syndemic’ of HIV/STIs and sexual risk, substance use (defined as use of alcohol and other drugs) and
mental ill health among men who have sex with men (MSM).

Description of the problem

Despite major advances in treatments and pharmacological prevention, MSM continue to
experience the highest incidence of STIs and HIV of any population group in the UK, and report high
levels of sexual risk behaviour.[1, 2] The lifetime cost of treatment per HIV infection in the UK is
almost £380,000.[3] Each case of other STls is estimated to cost £1215 per infection.[4] MSM also
report higher than average rates of alcohol [5-7]and legal and illegal drug use.[8-10] MSM also
experience high rates of common mental illnesses.[11] MSM are twice as likely to be depressed or
anxious compared to other men.[12] According to the 2013 Annual Report of the Chief Medical
Officer, mental health problems cost the UK economy an estimated £70-£100 billion each year.[13]

Sexual risk, alcohol and drug use, and mental ill health are increasingly considered to
constitute a ‘syndemic’ of simultaneous, mutually reinforcing epidemics. Drug use is both a symptom
and cause of mental ill health and both drug use and mental illness increase sexual risk
behaviours.[14] Nationally representative surveys suggest that almost half of MSM experience one
or more of these outcomes.[15] There is consistent evidence that these outcomes inter-correlate
strongly at the level of the individual and the sexual event.[16-22] For a significant proportion of
MSM, drug use is an integral part of sex, known as ‘chemsex’.[23] UK data indicate that MSM with
depressive symptoms are more likely to report condomless sex with multiple partners and with
serodiscordant partners, and MSM who report drug use and mental health problems are also more
likely to report repeated use of post-exposure HIV prophylaxis[24] and are less likely to test for
HIV.[21] Thus there is a clear rationale for public health strategies to address these outcomes
together to achieve multiplicative effects.

Existing public health strategies have failed adequately to address these outcomes either
separately or together.[25, 26] Common mental illnesses among MSM are under-diagnosed and
under-treated partly because of low rates of GP registration.[27] One study reported that among
MSM attending sexual health clinics in the UK, 42% of those with depressive symptoms were not
diagnosed and 48% were not receiving treatment.[28] Spending on HIV prevention for MSM is
falling[29] despite strong evidence, albeit primarily from non-UK studies, for effective interventions.
[30] Drug treatment services tend to focus predominantly on heroin and crack cocaine rather than
the ‘club’ drugs most commonly used by MSM. There is an urgent need for cost-effective new
strategies to address these outcomes.

Description of the intervention

E-health interventions are those facilitated by electronic media and devices. Such
interventions aim to promote healthy behaviours and mental health by: increasing/maintaining
motivation; setting and reviewing goals; providing feedback on behaviour; and challenging thought
patterns that obstruct change. Behaviour change interventions typically draw on social learning
theory and the trans-theoretical model, while mental health interventions draw on mindfulness or
cognitive behavioural approaches. There is good evidence from systematic reviews focused on
general or mixed populations, that e-health interventions can reduce alcohol use[31] and address
common mental illnesses.[32-38] There is also emerging evidence that drug use and sexual risk
behaviour[39-42] may be reduced using e-health interventions. Given the inter-clustered nature of
these problems among MSM, if e-health interventions were found to be effective in addressing
these outcomes among MSM then this might suggest the value of developing an e-health
intervention that addressed these outcomes simultaneously and holistically. Such an approach might



well have multiplicative not merely additive effects because of the interacting nature of these
outcomes among MSM.

Rationale for the current study

However, we cannot assume that effects found for e-health interventions targeting general
or mixed populations[31-39, 41-43] are applicable to MSM. Effect sizes may be greater for MSM
because of MSM'’s greater use of social media, including to meet sexual partners and obtain
drugs.[44] But effects may be limited by MSM'’s risk being influenced by factors that e-health
interventions could not address such as such as early and ongoing experience of homophobia[45-47]
and participation in social networks in which social norms support risk behaviour.[48] Therefore,
there is a need to assess the potential effects of e-health interventions on these outcomes among
MSM. A 2014 review by Schnall et al examined e-health interventions to reduce HIV and other sexual
risks among MSM (but did not examine alcohol or drug use or mental health), reporting rather
vaguely that such interventions have the potential to be effective.[40] This review had several
important limitations such as a very narrow search (which missed some important studies described
below under ‘Size of available literature), unreliable quality assessment and lack of synthesis of
effect estimates. These limitations explain why it was not able to provide a clear answer to the
guestion of whether e-health interventions are effective in reducing sexual risk behaviour. A recent
review by Daher et al synthesised evidence on a range of e-health interventions addressing different
aspects of the prevention and treatment of HIV/STIs but not substance use or mental health.[49]
This review had vague and broad inclusion criteria focused on ill-defined ‘innovative’ interventions
and all populations not just MSM. Its very limited search strategy found only two studies pertinent
to our own review and so can offer no clear indication of the impact of e-health interventions on
sexual risk among MSM.[50, 51] Only one existing review has examined e-health interventions
addressing mental ill health among gay and lesbian populations but has not synthesised empirical
evidence on these and so provides no guide to their effectiveness.[52] Furthermore, none of the
above reviews examined the theories of change underlying the included interventions or synthesise
evidence on factors affecting delivery or receipt. Our proposal for a new systematic review aims to
address these gaps in order to determine clearly what is the effectiveness of e-health interventions
addressing these outcomes among MSM. It will: use rigorous methods; focus on interventions
addressing HIV, STls, sexual risk behaviour, alcohol and drug use, or mental health; and synthesise
evidence on theories of change, process evaluations and outcome and economic evaluations. It will
also aim to synthesise evidence on cost-effectiveness and use a network meta-analytic approach to
compare the effectiveness of interventions that have not to date been the subject of empirical
comparisons. This approach has not been used in any previous reviews of e-health interventions
among MSM and could transform our understanding of which intervention approaches and
combinations are most effective. The proposed review will thus provide the evidence required to
determine the value of and potentially inform the development of an e-health intervention
holistically addressing the syndemic of HIV and STIs, sexual risk behaviour, alcohol and drug use, and
mental ill health among MSM.

Research aim and questions

To search systematically for, appraise the quality of, and synthesise evidence to address the
following research questions:

RQ1. What approaches and theories of change do existing e-health interventions employ to prevent
HIV, STls, sexual risk behaviour, alcohol and drug use, or common mental illness symptoms among
MSM?

RQ2. What factors relating to interventions, providers, participants or contexts promote or impede
delivery or receipt of such interventions?



RQ3. What are the effects of such interventions on HIV and STls, sexual risk behaviour, alcohol and
drug use, and depression and anxiety, overall and by intervention and client sub-group?

RQA4. Are such interventions cost-effective in reducing these outcomes?

RQ5. Does the existing evidence overall suggest that these outcomes can coherently, feasibly and
effectively be addressed by a single, joined-up e-health intervention targeting UK MSM and if so
what might such an intervention look like?

Research objectives

a) To conduct electronic and other searches by Feb 2019.

b) To screen found references and reports for inclusion in the review by May 2019.

c) To extract data from and assess the quality of included studies by September 2019.

d) To develop a typology of interventions and synthesise theories of change and process evaluations
by January 2020.

e) To consult with policy/practice and community stakeholders on the typology and theory of
change/process synthesis by February 2020.

f) To synthesise outcome evaluation and cost-effectiveness data by May 2020.

g) To draw on these syntheses to draft a report addressing our research questions by July 2020.
h) To consult with policy/practice and community stakeholders on the draft report (to inform
amendments and dissemination) by September 2020.

i) To submit the final report to NIHR by October 2020.

Research design overview

Our proposal is for a multi-method systematic review of intervention types, theories of
change, processes and outcomes, and cost-effectiveness of e-health interventions employed to
prevent HIV and STls, sexual risk behaviour, alcohol and drug use, or common mental iliness
symptoms among MSM. The review will follow criteria for the good conduct and reporting of
systematic reviews (e.g. Centre for Reviews and Dissemination; Preferred Reporting Items for
Systematic Reviews and Meta-Analyses). The protocol will be registered with PROSPERO
International Prospective Register of Systematic Review (http://www.crd.york.ac.uk/Prospero/).

Our review and synthesis of intervention descriptions and theories of change will enable us
to categorise intervention types and describe theories of change (RQ1). Our review of process
evaluations will develop hypotheses about what characteristics of interventions, providers,
participants and contexts tend to facilitate or limit implementation and receipt (RQ2). Our review of
outcome and economic evaluations will enable us to estimate the effectiveness (RQ3) and cost-
effectiveness (RQ4) of the interventions. Synthesis across these elements will inform assessment of
the value of developing an e-health intervention targeting UK MSM (RQ5).

Size of available literature

In an uploaded appendix, we provide the string used in a scoping search of PubMed
(29/11/16). This searched only medical journals using a narrower set of terms (and no adjacency
term) than will be used in the proposed review. Nonetheless, it identified 2,110 references. From
these, we identified 28 outcome evaluations, 26 process evaluations and 5 theory of change study
reports of e-health interventions for general or HIV-positive populations of MSM. Of these, 18
outcome evaluations of interventions aiming to prevent HIV, STIs or sexual risk behaviour were not
identified in the existing review by Schnall et al[53-70] mostly because they had been published
since this review. Schnall et al’s review identified two outcome evaluations not found from our
search.[71, 72] We also found one outcome evaluation and three process evaluations focused on
alcohol and drug use[51, 73, 74] and six outcome evaluations, four process evaluations and one
theory of change study report focused on mental health.[75-85] This suggests a substantial and



growing, unsynthesised but manageable literature to review. Given the large number of very recent
papers and that our exploratory search was conducted in late 2016, there is likely to be a substantial
body of evidence to synthesise when the review will commence in 2019.

Inclusion criteria for this review

Types of participant

The review will focus on gay, bisexual and other men (including trans men) who have sex
with men including those who have been diagnosed as HIV-positive as well as those whose last HIV
test was negative or who have never tested for HIV.

Types of intervention

The review will focus on interactive or non-interactive e-health interventions delivered via
mobile phone apps, internet or other electronic media that aim to provide ongoing support to
populations consisting entirely or principally of MSM to prevent HIV, STls, sexual risk behaviour,
alcohol and drug use, or common mental illnesses. These could include interventions that also aim
to promote HIV treatment adherence or which address HIV testing or pre-exposure prophylaxis as
long as these are part of ongoing not one-off support. It will exclude e-health interventions merely
facilitating one-off as opposed to ongoing support regarding HIV self-testing, clinic attendance or STI
partner notification. The e-health interventions are electronically delivered. The interventions may
be distributed by commercial, statutory, academic or voluntary sector agencies. The review will be
international in scope. The review will exclude interventions delivered by human providers via
electronic media.

Types of control
The review will focus on treatment as usual, no treatment or other active treatment control
groups.

Types of outcome

The review will focus on: HIV or STls; sexual risk behaviour; alcohol consumption (e.g. self-
reported alcohol consumption via questionnaires or diaries); legal or illegal drug use (e.g. self-
reported drug use); and anxiety or depression (clinical or self-report measures). Studies will be
included if they address any, some or all of these outcomes. Outcome measures may draw on
dichotomous or continuous variables, and self-report or other raters. Behavioural outcomes may use
measures of frequency (monthly, weekly or daily), the number of episodes of use or an index
constructed from multiple measures. Alcohol measures may examine alcohol consumption or
problem drinking. Drug outcomes may examine drugs in general or specific illicit drugs, including
drug convictions.

Types of study

To address RQ1, we will include process and outcome evaluations providing intervention
descriptions or theories of change, as well as theoretical reports. To address RQ2, we will include
process evaluations. To address RQ3, we will include outcome evaluations. To address RQ4, we will
include economic evaluations. To address RQ5 we will draw on all of the above. Included theoretical
reports must describe intervention theories of change, logic models or mechanisms of effect.
Included process evaluations can employ any quantitative and/or qualitative design but must report
empirically how delivery or receipt varied by characteristics of intervention, provider, user or context
using quantitative and/or qualitative data. These studies may report exclusively on process
evaluations or report process alongside outcome data. Included outcome and economic evaluations
must employ prospective experimental or quasi-experimental control groups.



Search methods for the identification of studies

Electronic searches

In appendix 1, we provide the search string that we have used in a preliminary search in
PubMed. As explained above, this was a limited search but it will inform the development of a more
sophisticated search strategy maximising sensitivity as recommended by the Cochrane Handbook for
Systematic Reviews of Interventions.[86] Our search strategy will be informed by those used in
previous systematic reviews focused on e-health intervention among MSM and general populations.
Because studies are unlikely to be reliably indexed in databases with controlled vocabularies, we will
use a large number of free text terms. We will take the following essential concepts of the inclusion
criteria to develop the search string linked by “AND”: men who have sex with men; and e-health. We
will not use outcome terms in our searches as this is likely to miss studies reporting non-significant
effects on our outcomes. Our searches will involve different free text and controlled vocabulary
terms for each of these concepts using “OR”. The combination of these concepts is considered
specific enough to include all available studies regardless of study design. We will restrict the
searches by date (1995 onwards since such media were unavailable prior to this) but not by
language or publication type. We will search the following databases: ASSIA; BiblioMap (Database of
health promotion research); Cochrane Central Register of Controlled Trials; The Campbell Library;
CINAHL; CISDOC; Database of Abstracts of Reviews of Effects; Embase; Econlit; Health Management
Information Consortium; IBSS (International Bibliography of the Social Sciences); Medline; OpenGrey
(System for Information on Grey Literature in Europe); Proquest Dissertations and Theses; Psycinfo;
Social Policy and Practice including Child Data & Social Care Online; Social Science Citation
Index/Web of Knowledge; Sociological Abstracts; Dissertation Abstracts/Index to Theses; and Trials
Register of Promoting Health Interventions.

Searching other resources

We will carefully search reference lists from all studies that meet our inclusion criteria. We
will hand-search journals that published included studies which we found only via reference
checking and which are not indexed on databases we have searched (initially for the last 5 years and
if these elicit >1 new included studies, for a further 5 years). We will search for relevant government
reports and non-governmental organization publications via a Google search. We will contact subject
experts to identify relevant ongoing or completed research. We will search all available clinical trials
registers (e.g. International Clinical Trials Registry Platform; clinicaltrials.gov) for relevant ongoing
and unpublished trials.

Data collection and assessment

Data management and selection of studies

Results of comprehensive searching will be downloaded into EPPI- Reviewer 4.[87] An
inclusion criteria worksheet with guidance notes will be prepared and piloted by two reviewers
screening batches of the same 50 references. Where the two reviewers disagree, they will meet to
discuss this and if possible reach a consensus. If the reviewers cannot reach consensus regarding
inclusion of a specific article, judgement for selection will be referred to a third reviewer. If
necessary, we will organise translation of papers published in languages in which we are not
proficient. After this piloting process has achieved an agreement rate of at least 95%, each reference
will henceforth be screened on the basis of title and abstract for potential inclusion by one reviewer
Full reports will be obtained for those references judged as meeting our inclusion criteria or where
there is insufficient information from the title and abstract to judge inclusion. A second round of
screening with a comparable piloting process will then occur focused on full study reports to
determine which studies are included in the review (see appendix 3: flow diagram). We will maintain
a record of the selection process for all screened material.



Data extraction

Two reviewers will independently extract data from and assess the quality of theory,
process, outcome and economic studies meeting our inclusion criteria based on existing tools.[88-
90] Where the two reviewers disagree, they will meet to discuss this and if possible reach a
consensus. If the reviewers cannot reach consensus regarding the particulars of data extraction for a
specific study, judgement will be referred to a third reviewer. Included studies will be described
using the EPPI-Centre classification system for health promotion and public health research[91]
supplemented by additional codes developed for this review. For theory reports, we will extract data
on the constructs and mechanisms described, the evidence presented in support of the theory and
how it was developed. For all empirical studies, we will extract data on: basic study details (target
population, study location, timing and duration, research questions or hypotheses); methods
(design, sampling and sample size, data collection and analysis); and intervention description (timing
and duration, programme development, theoretical framework/logic model, content and activities,
providers, details of any intervention offered to the control group). For process evaluations, we will
also extract data reporting empirically on how processes of delivery/ receipt varied with
characteristics of interventions, providers, participants or contexts using an adapted version of an
existing tool.[92] For outcome evaluations, we will also extract data on: allocation; sequence
generation and concealment (RCTs); control of confounding (quasi-experimental studies); measures,
follow-up and blinding; retention; and data on outcomes/ effects at follow-up(s) both overall and
where available by sexuality and gender identity, socio-economic status (SES) and ethnicity. For
economic evaluations, we will extract data on key issues such as the perspective (direct and indirect
costs), evaluation framework, source of effectiveness estimates, critical assumptions, discount rates
and cost-effectiveness in the form of either incremental cost-effectiveness ratios or net (health)
benefits. We will also report on the key cost-effectiveness drivers. If included studies are reported in
languages that cannot be translated by the review team, a review author will complete the data
extraction form in conjunction with a translator.

Published reports may be incomplete in a wide range of ways. For example: they may not
present information on all the outcomes that were measured (possibly resulting in outcome
reporting bias); they may not provide sufficient information about the intervention for accurate
characterisation; and they may not report the necessary statistical information for the calculation of
effect sizes. In all cases where there is a danger of missing data affecting our analysis, we will contact
authors of papers wherever possible to request additional information. If authors are not traceable
or sought information is unavailable from the authors within two months of contacting them, we will
record that the study information is missing on the data extraction form, and this will be captured in
our risk of bias assessment of the study.

Assessments of quality and risk of bias

We will assess the quality of theories of change using a modified version of the criteria
developed in our previous NIHR-funded systematic reviews of positive youth development and
school health education interventions. The quality of theory will be assessed using a modified
version of a tool used in our previous NIHR funded reviews, modified in the light of our more recent
work on realist methods. This will focus on: a) the extent to which the theory describes the path
from intervention to outcomes; b) the clarity with which theoretical constructs are defined; c) the
clarity with which causal inter-relationships between constructs are defined; d) the extent to which
the mechanisms underlying these inter-relationships are explained; and e) the extent to which the
theory considers how mechanisms and outcomes might vary by context.

We will assess the quality of the qualitative and quantitative elements of process
evaluations using standard Critical Appraisal Skills Program and EPPI-Centre tools.[93] These address
the rigour of: sampling; data collection; data analysis; the extent to which the study findings are
grounded in the data; whether the study privileges the perspectives of participants; the breadth of



findings; and depth of findings. These are then used to assign studies to two categories of ‘weight of
evidence’. First, reviewers will assign a weight (low, medium or high) to rate the reliability or
trustworthiness of the findings (the extent to which the methods employed were rigorous/could
minimise bias and error in the findings). Second, reviewers will assign an additional weight (low,
medium, high) to rate the usefulness of the findings for shedding light on factors relating to the
research questions. Guidance will be given to reviewers to help them reach an assessment on each
criterion and the final weight of evidence. The two reviewers will then meet to compare their
assessments, resolving any differences through discussion and, where necessary, by calling on a
third reviewer.

For outcome evaluations, we will assess risk of bias within each included experimental study
using the tool outlined in the Cochrane Handbook for Systematic Reviews of Interventions.[88] For
each study, two reviewers will independently judge the likelihood of bias in seven domains:
sequence generation; allocation concealment; blinding (of participants, personnel, or outcome
assessors); incomplete outcome data; selective outcome reporting; and other sources of bias (e.g.
recruitment bias in cluster-randomised studies); and intensity/type of comparator. Each study will
subsequently be identified as ‘high risk’, ‘low risk’” or ‘unclear risk’ within each domain. In cases of
disagreement, the reviewers will meet to seek consensus but where they cannot, we will refer
judgement to a third reviewer. For non-random evaluations, we will assess quality using the ROBINS-
| tool.[94] We will assess reporting bias according to Sterne’s guidance.[95] We will reduce the effect
of reporting bias by focusing synthesis on studies rather than publications, avoiding duplicated data.
Following the Cho statement on redundant publications,[96] we will attempt to detect duplicate
studies and, if multiple articles report on the same study, we will extract data only once. We will
prevent location bias by searching across multiple databases. We will prevent language bias by not
excluding any article based on language.

We will assess the quality of the economic evaluations using an adapted version of the
CHEERS reporting guidelines.[97] It requires the analyst to answer 24 questions regarding each study
ranging from the type of economic evaluation (e.g. cost-utility analysis) to the time horizon and
rationale for the choice of modelling approach. Although the questionnaire is detailed, we will
expand a number of its questions to ensure that information that is particularly relevant to this
review is extracted, such as identifying uptake rates and assumptions regarding the heterogeneity of
risk.

Data analysis

RQ1 and 2: Thematic synthesis of intervention approaches/theories and process data

Intervention descriptions and theories of change (RQ1) will first be analysed to develop a
taxonomy of interventions where possible describing these in terms of behaviour change
techniques. This will include whether interventions are solely focused on the prevention of alcohol
or drug use, HIV and other sexual risk or mental illness or whether they have other aims such as
access or adherence to HIV testing or treatment. Then, using thematic synthesis method[98-100] we
will undertake a number of syntheses. Syntheses of author narratives describing theories of change
(RQ1) will be used to understand potential mechanisms of action for this category of intervention,
some of which may apply across sexual health, substance use and mental health and some of which
may be particular to each of these outcomes. Syntheses of findings from qualitative and quantitative
elements of process evaluations (RQ2) will be used to understand: characteristics of interventions,
participants and context acting as potential barriers and facilitators of implementation and receipt
(RQ2) and which of these apply across or only within the domains of sexual health, substance use
and mental health interventions.

Synthesis will follow a meta-ethnographic approach. Second order constructs (author
narratives) will be distinguished from first order constructs (directly quoted qualitative data). In the
case of findings from qualitative elements of process evaluations, we will synthesise both author



narratives and interpretations of findings (i.e. 2" order concepts) together with any direct
qualitative data reported (i.e. 1 order concepts). In the case of findings from quantitative elements
of process evaluations, we will synthesise author 2™ order narratives and interpretations (and as
part of quality assessment we will have checked that these appear consistent with the quantitative
data presented). The synthesis will draw these together through a thematic analysis which will
develop third order constructs by drawing connections between these data. These two syntheses
will not be restricted to studies judged to be of high quality. Instead conclusions drawing on poorer
quality reports will be given less interpretive weight. First, the reviewers will prepare detailed tables
to describe: the quality of each theoretical and process evaluation report; details of the intervention
examined; study site/population; and full theory/process evaluation findings. Second, for each of the
two syntheses addressing RQ1 and RQ2, the two reviewers will undertake pilot analysis of two
studies. The reviewers will read and re-read the theory/findings contained within the tables relating
to the two high-quality studies, applying line-by-line codes to capture the content of the data. They
will draft memos explaining these codes. Coding will begin with in-vivo codes which closely reflect
the words used in theory/findings sections. The reviewers will then group and organise codes,
applying axial codes reflecting higher-order themes. The two reviewers will meet to compare and
contrast their coding of these first two high-quality studies for each synthesis, developing an overall
set of codes. Third, the two reviewers will go on to code the remaining studies for each synthesis
drawing on the agreed set of codes but developing new in-vivo and axial codes as these arise from
the analytical process, and again writing memos to explain these codes. At the end of this process,
the two reviewers will meet to compare their sets of codes and memos. They will identify
commonalities, differences of emphasis and contradictions with the aim of developing each overall
analysis which draws on the strengths of the two sets of codes and which resolves any
contradictions or inconsistencies, drawing on a third reviewer if necessary to achieve this. Analysis
will produce tables demonstrating how first, second and third order constructs relate to one
another, enhancing transparency about these emergent themes. Through this process will be
developed overall syntheses addressing RQ1 (theory of change) and RQ2 (factors affecting
implementation).

RQ3: Synthesis of outcome data

We will first produce a narrative account of the effectiveness of these types of interventions.
This narrative synthesis will be ordered by outcome then within this by intervention type and follow-
up time. Outcomes will be categorised into HIV, STls, sexual risk behaviour, alcohol use, drug use,
anxiety and depression. Categorisation by intervention type will be into ‘clinically meaningful units’,
or subgroups of interventions that are useful and meaningful from a clinical and practice
perspective, and will be informed by our prior taxonomy of intervention descriptions and synthesis
of theories.[101] We will describe study results in the ‘characteristics of included studies’ table, or
enter the data into additional tables. We will produce forest plots for each of our review outcomes,
with separate plots for different outcomes and follow-up times, and pairwise comparisons between
intervention types (e.g. intervention versus no treatment control, or versus another treatment type).
Plots will include point estimates and standard errors for each study, such as risk ratios for
dichotomous outcomes or standardised mean differences for continuous outcomes.

We will calculate pooled effect sizes within each pairwise comparison (e.g. intervention type
versus control), accounting for the extent of heterogeneity among the studies (as determined both
by a Cochran’s Q test and inspection of 12).[102] The results of statistical tests will be evaluated in
accordance with the Cochrane handbook.[88] If an indication of substantial heterogeneity is
determined (e.g. study-level I-squared value greater than 50%) that cannot be explained through
meta-regressions, then we will not produce a pooled estimate and will present only the narrative
summary. If we consider that we have high levels of unexplained statistical heterogeneity (e.g.
study-level I> > 50%) in any of our study groupings, we will investigate this further using subgroup
and sensitivity analyses.[103] As is appropriate for complex interventions, we will use the random-



effects model in meta-analyses but we will also conduct a sensitivity check by using the fixed-effect
model to reveal differences in results.

If we do produce pooled estimates, we will consider using a robust variance estimation (RVE)
meta-analysis model to synthesise effect sizes.[104] This is because outcome evaluations are likely
to include multiple measures of conceptually related outcomes and RVE meta-analysis improves on
previous strategies for dealing with multiple relevant effect sizes per study, such as meta-analysing
within studies or choosing one effect size, by including all relevant effect sizes but adjusting for inter-
dependencies within studies.[105] Unlike multivariate meta-analysis, it does not require the
variance-covariance matrix of included effect sizes to be known. We will estimate separate models
for each outcome: HIV, STls, defined sexual risk behaviours, alcohol use, drug use, anxiety and
depression. We will regard follow-up times of less than three months, three months to one year and
more than one year post-intervention as different outcomes. We will run these models for
interventions overall and where sufficient studies are found we will run separate models for
different pairwise comparisons of intervention types and comparators. This categorisation will be
informed by the taxonomy derived from our prior synthesis of intervention descriptions and theories
of change. Where meta-analyses are performed, we will include pooled effect sizes in forest plots,
with the individual study point estimates weighted by a function of their precision.

In addition, we will seek to consider all outcome evaluation evidence jointly in a network
meta-analysis (NMA). NMA integrates all pairwise comparisons for a specific outcome in the same
model, to allow for the comparison of intervention types that may not have been directly compared
head-to-head in empirical studies, and to combine direct, empirical head-to-head evidence with
indirect estimates. We will consider estimating an NMA model for each outcome. As part of this, we
will note if pairwise comparisons form a connected network for a given outcome, and if the trials
included in a network are similar enough across pairwise comparisons in terms of populations,
outcome measures and other potential trial-level effect modifiers (e.g. risk of bias) to justify
proceeding on the assumption of transitivity. Having established that networks include conceptually
similar trials, we will convert effect size estimates in each network to odds ratios and estimate an
NMA using summary trial-level data with a lognormal likelihood and random effects. Inconsistency
will be checked using an omnibus Wald test from a design-by-treatment interaction model, and then
followed up using a side-splitting test if necessary to identify specific sources of inconsistency.
Where inconsistency exists, we will explore this using network meta-regression. Finally, we will rank
interventions using the surface under the cumulative ranking curve (SUCRA). All analyses will be
undertaken using the package network for frequentist NMA in Stata. However, if necessary (e.g. to
use a stabilising prior distribution for between-studies variance in sparse networks), we will consider
undertaking NMAs in WinBUGS with vague prior distributions for relative treatment effect
parameters.

While most included outcome evaluations are likely to allocate individuals rather than
clusters, we will check for correct analysis where appropriate by cluster and report values of: intra-
cluster correlation coefficients (ICC), cluster size, data for all participants or effect estimates and
standard errors. Where proper account has not been taken of data clustering, we will correct for this
by inflating the standard error by the square root of the design effect.[48] Where ICCs are not
reported, we will contact authors to request this information or impute one, based on values
reported in other studies. Where imputation is necessary, we will undertake sensitivity analyses to
assess the impact of a range of possible values. In other instances of missing data (such as missing
follow-up periods), it may not be possible to include a study in a particular analysis.

We will use the GRADE approach as described in the Cochrane Handbook for Systematic
Reviews of Interventions to present the quality of evidence and ‘Summary of findings’ tables. The
downgrading of the quality of a body of evidence for a specific outcome will be based on five factors:
limitations of study; indirectness of evidence; inconsistency of results; precision of results; and
publication bias. The GRADE approach specifies four levels of quality (high, moderate, low and very
low). If sufficient studies are found, we will draw funnel plots to assess the presence of possible
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publication bias (trial effect versus standard error). While funnel plot asymmetry may indicate
publication bias, this can be misleading with a small number of studies. We will discuss possible
explanations for any asymmetry in the review in light of our number of included studies.

We will undertake a sensitivity analysis to explore whether the findings of the review are
robust in light of the decisions made during the review process. We will also assess the impact of risk
of bias in the included studies via restricting analyses to studies deemed to be at low risk of selection
bias, performance bias and attrition bias. Where data allow, we will undertake additional
exploratory meta-analyses to determine intervention effects on theorised intermediate outcomes
(such as goal setting or self-efficacy) to examine the plausibility that these might mediate or
otherwise precede behavioural effects, as well as to explore whether intervention effects on some
of our outcomes (e.g. drug use) appear to mediate effects on other outcomes (e.g. risk of HIV
infection). Such analyses will be informed by the synthesis of theories of change and process
evaluation findings to avoid data-dredging. Where possible we will examine intervention effects by
participant sub-groups in terms of participant sexuality and gender identity, SES and ethnicity to
explore potential impacts on health inequalities. This will draw on existing methods involving an
‘equity lens’: examining evidence that equity-related characteristics (individual sexuality or gender
identity, SES or ethnicity or geographical factors) moderate intervention effects, in terms of evidence
for significant effect modification. This will where data allow include examination of moderation
within studies (drawing on meta-analyses of subgroup effects) and between studies (meta-
regression drawing on studies with different participant or site characteristics).

RQ4: Synthesis of resource use and cost data

Measures of costs and indirect resource use and cost-effectiveness will be summarised using
tables. If measures of resource use are judged sufficiently homogeneous across studies, these will be
synthesised using statistical meta-analysis.[90] Measures of costs, indirect resource use and cost-
effectiveness will be adjusted for currency and inflation to the current UK context. These data will be
used to inform a narrative synthesis of economic analyses and applicability to the UK context (RQ4).
We do not intend to perform de novo economic modelling since the identified interventions and
their outcomes are likely to be extremely diverse.

RQ5: Interpreting overall findings

The discussion section of our report will draw together what we have learnt overall from the
syntheses of theories of change, facilitators and barriers to implementation, and outcomes of e-
health interventions addressing sexual health, substance use and mental health among MSM (RQ5).
This will focus on implications for intervention research. We will assess whether interventions
addressing the various outcomes, or some subsets of these, appear to have similar or at least
compatible theories of change (for example, similar mediating factors or mechanisms) which could
pragmatically be combined to develop an overall intervention with a coherent theory of change
addressing the syndemic or some sub-elements of the syndemic. We will then assess whether
different or similar factors appear to facilitate or impede implementation or receipt of interventions
addressing the various outcomes in order to further develop our sense of whether these outcomes
might be feasibly addressed by a single intervention or might be better addressed by separate
interventions addressing some but not all outcomes. Finally, we will draw on the findings from our
outcome syntheses to judge whether there is really scope for a single intervention addressing sexual
health, substance use and mental health to have synergistic effects. We would judge that this is
likely where there is evidence that e-health interventions addressing the various outcomes all tend
to be effective and particularly where there is evidence that interventions addressing different
outcomes appear to impact effectively on similar mediators. Where this is found not to be the case,
for example, because of evidence for lack of or even harmful effect on some outcomes, or a lack of
evidence for some outcomes, our recommendations will reflect this. For example, we might
recommend that future intervention research needs to focus on some single-outcome interventions
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where there is currently insufficient evidence, or that research should focus on e-health
interventions that do not address outcomes where there is evidence of no or harmful effects.

Patient and public involvement

We have consulted with LGBT community and health organisations in developing this
proposal. Terrence Higgins Trust and London Friend (uploaded letters of support) run online support
groups and counselling service for men concerned about drug use. London Friend provides face to
face drug and alcohol support for gay men. These organisations are interested in exploring the
potential of e-health interventions which do not require human personnel to deliver if these are
demonstrably more cost-effective than face-to-face provision. This has informed our focus on
economic evidence. These organisations also expressed interest in interventions addressing
multiple, interrelated health concerns in a joined-up fashion. We have also consulted with Stonewall
which campaigns for LGBT health. This organisation was interested in our proposal’s focus on gay
men’s holistic health and what factors might affect implementation or impact, for example whether
e-health is accessible and effective for minority ethnic, lower SES or trans MSM. This has informed
our inclusion of such factors in our planned moderator analyses.

In the course of the project, we will institute a PPI stakeholder group which will meet twice
during the review. First, the group will review the typology of interventions and synthesis of
evidence on theories of change and factors affecting delivery and receipt. The group will consider
and advise us whether the interventions presented could feasibly inform the development of an
overall intervention addressing the syndemic of HIV/STIs, sexual risk, alcohol and drug use, and
mental ill health among UK MSM. Second, the group will review the syntheses and draft report to
inform dissemination and knowledge transfer. At this stage, the group will consider and advise us
whether the evidence of effectiveness and cost-effectiveness overall and by subgroups suggested
that it would be worth investing in the development of an e-health intervention to address multiple
outcomes among UK MSM. We anticipate that were the review to inform a further proposal for
intervention development or optimisation these organisations would continue to collaborate, with
some being involved in co-production and piloting.

Socio-economic position and inequalities

We will use an ‘equity lens’ [106]to examine effects by participant sexual/gender identity,
SES and ethnicity to determine effectiveness in reducing health inequalities (RQ3).

Knowledge exchange and translation

Our aim is to provide research outputs which provide rigorous evidence on the approaches,
theories of change, processes, effectiveness and cost-effectiveness of e-health interventions in
preventing HIV/STIs and sexual risk as well as substance use and mental ill health among MSM, and
to inform the development of a future intervention that will address the syndemic of these
outcomes among MSM. We will produce three reports: a full technical report for NIHR; a briefing
report for policy and practice audiences; and a concise report for the affected communities of MSM.
All three reports will be published online on the Sigma Research website which is widely accessed by
the HIV and sexual health community and by the gay community. The research will be launched at
an event organised through Sigma Research, which has unsurpassed community and policy
networks. In addition, we will disseminate the research via open-access international scientific
journals, and via academic and policy conferences. We will undertake seminars at LSHTM to which
we will invite representatives of the UK and devolved national government departments of health as
well as sexual health commissioners and service providers to present the research to discuss policy
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implications and next steps. We will also use existing stakeholder and academic networks to support
dissemination as well as existing web and social media platforms managed by Sigma Research.

It is impossible in advance of the systematic review itself to say how our results will be
translated into policies and interventions. We hope that our synthesis of outcome evaluations will
provide an informed view of whether e-health interventions are likely to be effective in preventing
each of the outcomes examined in this systematic review, and reducing health inequalities in these
outcomes. We anticipate that our synthesis of process evaluations will shed light on which
approaches have the most potential for public health improvement in different settings including
across the UK. Depending on our findings, our review is likely to inform the development of a
research proposal either to the MRC’s Public Health Intervention Development stream or the NIHR
Public Health Research Board. The former will occur if there is evidence that this is a promising
approach but there is no obvious existing candidate intervention to implement or evaluate in the UK
so that new intervention development is called for. The latter will occur if there is clear evidence
that a current intervention is a good candidate for effectiveness but further research is required to
assess its effectiveness in a UK context. Our aim would thus be either to develop or to optimise and
then evaluate an e-health intervention that simultaneously and holistically addresses HIV/STls and
sexual risk, substance use and mental health among MSM. Our review will determine the precise
array of outcomes to be targeted as well as the theories of change and intervention approaches to
be used. We anticipate that any such proposal would be developed in collaboration with appropriate
community and health organisations such as Stonewall, London Friend or the Terrence Higgins Trust.

Research governance and ethics

The principal investigator will be responsible for the conduct and delivery of the work. The
sponsor of the research is Professor Richard Smith, Dean of the Faculty of Public Health and Policy,
London School of Hygiene and Tropical Medicine. The co-applicants will form an investigator
committee which will meet monthly throughout the project, overseeing its conduct. These meetings
will be minuted to keep a record of tasks, deadlines and responsibilities. The research involves no
human participants and draws solely on evidence already in the public realm, so RAS approval is not
required. Review and approval by the London School of Hygiene and Tropical Medicine research
ethics committee will be sought. The team will follow relevant guidelines and best practice including
the Social Research Association’s (SRA) ethical guidelines[107] and refer also to guidance
recommended by the National Coordinating Centre for Public Engagement. [108]

Expertise

Professor Chris Bonell (LSHTM) will direct the review overseeing all stages and components.
He will be directly involved with other investigators in screening, data extraction, quality assessment
and synthesis of theory and qualitative evidence. He will also oversee searching and synthesis of
statistical evidence. He is experienced in leading systematic reviews including three previous reviews
funded by the NIHR Public Health Research programme and two previous reviews of interventions
for MSM. He is also experienced in primary research on the health needs of and public health
interventions for MSM. Dr G.J. Melendez-Torres (Cardiff University) is an experienced systematic
reviewer with ongoing involvement in several evidence synthesis projects, and expertise in MSM
drug use and sexual behaviour. He will lead quantitative analyses, data extracting, quality assessing
and synthesising quantitative evidence. Rebecca Meiksin (LSHTM) is a research fellow with previous
experience of evidence synthesis and sexual health research. Peter Weatherburn and Charlie Witzel
work in LSHTM’s Sigma Research group which has been researching the health of gay, bisexual and
other men who have sex with men for over 25 years. They will advise on the conduct and write-up of
the research, and in particular lead PPl and contribute to drawing together the findings from each
synthesis to determine the value of developing or optimising an e-health study among UK MSM. Dr
Alec Miners (LSHTM) is a health economist with particular expertise in sexually transmitted
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infections and blood borne viruses who will examine the evidence and advice on appropriate
methods of quality appraisal and synthesis for the cost-effectiveness evidence.
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