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ABSTRACT
Introduction  HIV is a major global public health issue. 
The risk of sexual transmission of HIV in serodiscordant 
couples when the partner living with HIV maintains a 
suppressed viral load of <200 copies of HIV copies/mL has 
been found in systematic reviews to be negligible. A recent 
systematic review reported a similar risk of transmission 
for viral load<1000 copies/mL, but quantitative 
transmission risk estimates were not provided. Precise 
estimates of the risk of sexual transmission at sustained 
viral load levels between 200 copies/mL and 1000 copies/
mL remain a significant gap in the literature.
Methods and analysis  A systematic search of various 
electronic databases for the articles written in English or 
French will be conducted from January 2000 to October 
2023, including MEDLINE, Embase, the Cochrane Central 
Register of Controlled Trials via Ovid and Scopus. The 
first step of a two-step meta-analysis will consist of a 
systematic review along with a meta-analysis, and the 
second step will use individual participant data for meta-
analysis. Our primary outcome is the risk of sexual HIV 
transmission in serodiscordant couples where the partner 
living with HIV is on antiretroviral therapy. Our secondary 
outcome is the dose-response association between 
different levels of viral load and the risk of sexual HIV 
transmission. We will ascertain the risk of bias using the 
Risk Of Bias in Non-randomised Studies of Interventions 
(ROBINS-I) and Quality in Prognostic Studies (QUIPS), the 
risk of publication bias using forest plots and Egger’s test 
and heterogeneity using I2. A random effects model will 
estimate the pooled incidence of sexual HIV transmission, 
and multivariate logistic regression will be used to 
assess the viral load dose-response relationships. The 
Grading of Recommendations, Assessment, Development 
and Evaluation system will determine the certainty of 
evidence.
Ethics and dissemination  The meta-analysis will be 
conducted using deidentified data. No human subjects will 
be involved in the research. Findings will be disseminated 

through peer-reviewed publications, presentations and 
conferences.
PROSPERO registration number  CRD42023476946.

INTRODUCTION
Globally, an estimated 39 million people 
are currently living with HIV (PLHIV), 
of whom 29.8 million (76%) are on treat-
ment and 21.2 million (54% of all PLHIV 
and 71% of PLHIV on treatment) are living 
with suppressed HIV.1 Antiretroviral therapy 
(ART) can improve the lives of PLHIV and 
help protect their sexual partners from 
sexual HIV transmission. People who are on 
HIV treatment can achieve an undetectable 

STRENGTHS AND LIMITATIONS OF THE STUDY
	⇒ The proposed individual participant data (IPD) meta-
analysis will be conducted using raw data from 
individual participants with advantages, including 
greater quantity of data, more flexibility in analytic 
approaches, the ability to conduct subgroup anal-
yses and improved ability to detect and address 
biases.

	⇒ This innovative two-step meta-analysis will still 
collect and synthesise evidence and answer the re-
search questions even if the IPD part is not feasible.

	⇒ Studies collected in the review may have differenc-
es in the timing and frequency of viral load testing, 
adherence to antiretroviral therapy and patient 
follow-up, causing imprecision within the data.

	⇒ There may be insufficient data across the full range 
of viral load levels to fully assess the association 
and/or potential lack of agreement by authors to 
share data for the IPD meta-analysis.
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viral load with effectively no risk of transmitting HIV 
to their sexual partners.2 This concept is referred to as 
Undetectable equals Untransmittable, or U=U,3 and it 
was initiated in 2016 by the Prevention Access Campaign, 
a health equity initiative with the goal of ending the HIV/
AIDS pandemic and associated HIV-related stigma.4 The 
U=U concept is based on a substantial body of scien-
tific evidence demonstrating that for PLHIV who have 
achieved a sustained suppressed and undetectable viral 
load, there is effectively no risk of sexual HIV transmis-
sion.5 Furthermore, treatment as prevention is one of 
the effective strategies to prevent HIV transmission, with 
high uptake of ART suggested as an effective approach to 
reduce HIV incidence.6 7

A systematic review and meta-analysis published by 
the Public Health Agency of Canada (PHAC) in 2018, 
concluded, using criteria defined by the Canadian AIDS 
Society framework to characterise HIV transmission risk,8 
that the risk of sexual transmission of HIV is negligible 
when the PLHIV is on ART with a suppressed viral load 
of <200 copies of HIV RNA/ml with consecutive testing 
every 4–6 months.2 A rapid review published by the 
Canadian Agency for Drugs and Technologies in Health 
(CADTH) in 2023 as well as a 2023 PHAC rapid commu-
nication confirmed these findings, with the PHAC report 
providing an estimated risk of HIV sexual transmission 
of 0.00 transmissions per 100 person-years (95% CI 0.00 
to 0.10) in this specific situation.9 10 In 2023, a systematic 
review by Broyles et al11 concluded that the risk of sexual 
transmission of HIV is almost zero when the PLHIV 
is under ART and has a suppressed viral load of <1000 
copies of HIV RNA,11 but no quantitative risk estimate 
was calculated. Furthermore, the WHO concluded in its 
2023 policy brief that PLHIV who have a suppressed but 
detectable viral load have almost zero or negligible risk 
of sexual transmission of HIV to their partner as long 
as they continue to take their ART as prescribed.12 The 
WHO also revised the operational definition for unde-
tected viral load from ‘≤ 50 copies/ml’ to ‘not detected 
by the test or sample type used’ and suppressed viral load 
from ‘≤200 copies/ml’ to ‘≤1000 copies/ml’ and recom-
mended a viral suppression threshold of 1000 copies/mL 
because persistent viral load levels above 1000 copies/mL 
are associated with treatment failure.12

Most of the literature demonstrating that a suppressed, 
undetectable viral load is associated with effectively no 
risk of sexual HIV transmission uses a viral load threshold 
of 200 copies/mL.3 5 Precise estimates of the risk of sexual 
transmission at sustained viral load levels between 200 and 
1000 copies/mL remain a significant gap in the literature. 
Addressing this gap by quantifying these risks is needed to 
evaluate the strength of the association between different 
viral load levels and the risk of HIV transmission, and to 
better understand considerations of viral load levels with 
respect to HIV treatment and prevention programmes.

The primary objective of this review is to quantify the 
risk estimate of HIV transmission and determine the asso-
ciation between different levels of viral load (primarily in 

the range 200–1000 copies/mL) and the risk of sexual 
HIV transmission among serodiscordant couples where 
the PLHIV is on ART.

The specific hypotheses include: (a) there will be a 
significant difference in the risk of sexual HIV transmis-
sion between viral load levels and (b) there will be a dose-
response relationship between different viral load levels 
(200 copies/mL, 400 copies/mL, 1000 copies/mL or 
>1000 copies/mL) and risk of sexual HIV transmission.

Research questions
Q1: What is the risk of sexual transmission of HIV with 
suppressed viral load<1000 copies/ml and at different 
levels of viral load>1000 copies/ml?

Q1.1: What is the risk of sexual HIV transmission in 
serodiscordant couples when the PLHIV is on ART with 
different levels of suppressed viral load between 200 to 
1000 copies/ml (new potential evidence on risk of HIV 
transmission with viral load<200 copies/ml will also be 
assessed and reported if available)?

Q1.2: What is the risk of sexual HIV transmission in 
serodiscordant couples when the PLHIV is on ART with 
different levels of viral load>1000?

Q2: Is there a dose-response association between 
different levels of viral load and the risk of sexual HIV 
transmission?

METHODS AND ANALYSIS
Patient and public involvement
In designing this meta-analysis protocol, neither patients 
nor public were involved.

Protocol guidance and registration
This systematic review will follow a two-step meta-analysis 
approach. First, a systematic review and meta-analysis will 
be conducted. Second, an individual participant data (IPD) 
meta-analysis will be performed if feasible. IPD is consid-
ered as the gold standard of reviews and has several advan-
tages compared with aggregate data systematic reviews 
and meta-analyses. These advantages include a greater 
quantity of data, the ability to standardise outcomes across 
trials, more flexibility in analytic approaches, the ability to 
conduct subgroup/moderator analyses and an enhanced 
ability to detect and address biases.13 This protocol is based 
on the Preferred Reporting Items for Systematic Review and 
Meta-Analysis Protocol (PRISMA-P) statement14 (online 
supplemental appendix table 1). This systematic review and 
meta-analysis will follow the methodology outlined in the 
Cochrane Handbook for Systematic Reviews of Interven-
tion.15 16 The reporting of results will follow the PRISMA 
2020 and PRISMA-IPD meta-analysis guidelines (online 
supplemental appendix tables 1,2).17 18 IPD meta-analysis 
will be done using data from studies already published or 
ongoing on this topic. Although such an approach would 
produce the best theoretical result, there are some limita-
tions with this method,19 namely the potential for insuf-
ficient data across the full range of viral load levels and/
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or potential lack of agreement by authors to share such 
data. Based on the results of the included studies from 
full-text screening of studies, we will be selecting collabo-
rators for IPD requests. If the proposed IPD meta-analysis 
is not possible, the systematic review will assess the extent 
to which these research questions can be answered from 
existing published literature alone.

Protocol registration
This study has been registered with the International 
Registration of Systematic Reviews (PROSPERO) 
on 11 November 2023 with the registration number 
CRD42023476946 . Any future changes or modifica-
tions to the review procedures will be documented and 
updated to the PROSPERO registration.

Eligibility criteria and type of study
Original studies (randomised controlled trials and non-
randomised studies), case reports and conference abstracts 
will be included if they report on longitudinal studies of 
couples with one partner living with HIV and document 
the number of HIV infections in previously seronegative 
sexual partners and provide information about viral load 
levels in the HIV-seropositive partner and/or use of ART. 
For studies that report any HIV infections in the seronega-
tive partner, they will need to be linked to the partner living 
with HIV through phylogenetic analysis to rule out infec-
tion from outside the couple. Considering the difficulty of 
doing individualised randomisation in public health inter-
ventions, cluster Randomized Controlled Trials (RCTs) 
and quasi-experimental studies with self-control will also be 
considered for inclusion. Studies reporting a sex partner 
living with HIV who takes ART and has a viral load measure-
ment provided will be included. Articles written in English 
and French will be retrieved from electronic English and 
French databases with full-text access, and published 
within the timeframe of 1 January, 2000 to Oct 2023 will be 
included.20 Studies involving condom use or pre-exposure 
prophylaxis will be excluded. Studies where HIV is not 
primarily transmitted through sex will also be excluded. 
Reviews, editorials, letters and conference proceedings 
without detailed results will be excluded. Search types and 
patterns are featured in online supplemental appendix 2.

Participants, type of interventions and outcomes of interest

PICO Description

Population HIV serodiscordant couples

Intervention/exposure The PLHIV is on ART with different 
levels of viral load (between the 
limit of detection (50) copies/mL 
and ≥1000 copies/mL)

Comparator Any (the risk at different level of 
viral load will be compared among 
themselves)

PICO Description

Outcomes Absolute risks of sexual HIV 
transmission during condomless 
and Pre-Exposure Prophylaxis 
(PrEP)-free sex to the PLHIV 
with any infection assessed by 
phylogenetic analysis to rule out 
transmission from outside the 
couple

Information sources and search strategy
A comprehensive and systematic search of the following 
databases will be conducted: MEDLINE, Embase, the 
Cochrane Central Register of Controlled Trials via Ovid 
and Scopus. The search strategy, developed by a health 
information professional in collaboration with the other 
authors, uses text words and relevant indexing to iden-
tify studies on viral load, ART and transmission of HIV 
between serodiscordant couples. The MEDLINE search 
strategy (see Appendix) will be applied to all databases 
with appropriate modifications. The search will be limited 
to publications from January 2000 to 2023.

In addition, a thorough examination will be performed 
of the reference lists of identified relevant studies, experts 
in the field of HIV sexual transmission will be contacted 
to identify any additional studies or results, and ​Clini-
calTrials.​gov and International Clinical Trials Registry 
Platform will be examined to identify planned, ongoing 
or unpublished trials. To retrieve any grey literature, 
Google Scholar and Baidu Scholar will also be searched. 
Clinical trial registries will also be searched, including 
the US National Institutes of Health’s ​clinicaltrials.​gov 
and Health Canada’s Clinical Trials Database. Search 
types and patterns are featured in online supplemental 
appendix table 3.

Study selection
Articles will be imported and deduplicated using 
EndNote20 (Clarivate, Philadelphia, Pennsylvania, USA) 
and then imported into Covidence systematic review soft-
ware (Veritas Health Innovation, Melbourne, Australia) 
for screening. Reviewers (GB, JD and PVN) will do pilot 
screening with a sample of 100 abstracts to ensure consis-
tency of use and clarity of the inclusion and exclusion 
criteria. To measure the inter-rater reliability, a Cohen’s 
kappa statistic will be used. Screening will begin when 
>70% agreement is achieved.21 In duplicate, the authors 
(GB, JD and PVN) will conduct all screening, data 
extraction and quality assessment procedures. Disagree-
ments will be resolved by consensus. Situations where 
consensus cannot be reached will be resolved by a third 
author who will arbitrate (PD and HB). Eligible articles 
identified by title and abstract screening based on inclu-
sion criteria will be selected for full-text screening. Two 
independent reviewers will review the full texts. Refer-
ences of the included studies will be hand searched to 
identify additional relevant studies for inclusion. Conflicts 
between reviewers will be resolved through discussion, 
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and if no resolution can be achieved, a third reviewer 
(PD and HB) will be consulted. In case of missing data or 
information, authors will be contacted.

A third reviewer (PD and HB) will confirm the excluded 
publications and their respective reasons for elimination. 

A PRISMA flow chart adapted from the PRISMA 2020 and 
the PRISMA IPD flow diagram (figure 1)17 18 will be used 
to show the process of study selection.

Figure 1  PRISMA flow diagram. IPD, individual participant data; PRISMA, Preferred Reporting Items for Systematic Review 
and Meta-Analysis.
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Data extraction and management
After the full-text screening and study selection process, 
the selected studies will undergo data extraction, wherein 
information from the studies will be extracted after a 
thorough reading of the full text. The list of variables to 
be extracted is presented in table 1. The data extraction 
form will be created using Microsoft Excel 2016. Data 
extraction will be conducted by two independent reviewers 
using the designed data extraction form. Following this 
process, the records extracted by the reviewers will be 
cross-checked, and any disputed points will be resolved 
through a third reviewer (PD and HB).

Risk of bias assessment
For non-RCTs, the ROBINS-I (the Risk Of Bias in Non-
randomised Studies of Interventions) tool will be used by 

the reviewers to determine the quality of the study. The 
ROBINS-I tool is concerned with evaluating the risk of 
bias in estimates of the effectiveness or safety (benefit or 
harm) of an intervention from studies that did not use 
randomisation to allocate interventions.22 This will influ-
ence how the data are interpreted. For prognostic studies, 
QUIPS tool will be used.23 Biases will be measured as ‘crit-
ical risk’, ‘serious risk’, ‘moderate risk’, ‘low risk’ and ‘no 
information’.

The risk of publication bias will be assessed by visual 
inspection of funnel plots and using the Egger’s test (with 
10 or more included articles).24

Data synthesis
Descriptive statistics from included studies will be 
extracted and summarised in tables. When there is a 

Table 1  List of variables for data extraction.

PICO* List of variables

1. Basic study 
characteristics

	► Title
	► Author
	► Year of publication
	► Publication date (including dates of other systematic reviews yearly ranges)
	► Country
	► Study settings
	► Study design (RCTs, conference abstracts, non-RCTs, cluster RCTs, quasi experimental studies (specific 
study design))

	► Interventions performed
	► Study period (MMYYYY to MMYYYY)

2. Population of 
interest

	► Heterosexual serodiscordant couples
	► MSM (men who have sex with men) serodiscordant couples
	► WSW (women who have sex with women) serodiscordant couples
	► Monogamous, non-monogamous, casual, short term, committed and open

3. Population 
demographics

Number of participants (or # of pairs)
	► Sexual orientation/preference
	► Type and frequency of sexual acts
	► Length of follow-up
	► Amount lost to follow-up/retention/drop-out
	► Age

4. Exposure 
types

	► ART: dose, timing, duration and adherence
	► HIV: viral load testing (50–>1000 copies/mL or greater), CD4 testing
	► Sexually transmissible infection (STI) screening, frequency and condom use
	► HIV+ partner viral load copies/mL during transmission
	► HIV− partner frequency of HIV testing

5. Comparators 
(there might 
not be a 
comparator) and 
outcomes

	► Risk of HIV transmission in serodiscordant couples with PLHIV (persons living with HIV) on ART and 
having a viral load varying from 50 to >1000 copies/mL or greater.

	► Absolute HIV transmission, 95% CI viral load copies/mL per person-years
	► Incidence of HIV transmission per type of sexual act (penile–vaginal, oral and anal receptive and insertive)
	► Incidence of HIV+ partners
	► Person years/months follow-up on ART
	► Time from the initiation of ART to contracting HIV
	► Number of HIV+ partners on ART
	► Phylogenetic linkage during transmission between serodiscordant couples
	► Suppressed viral load (50–1000), undetectable viral load (<50)
	► Viral load of >1000 copies/mL

* PICO: population, intervention, comparison and outcome
ART, antiretroviral therapy; PICO, population, intervention, comparison and outcome; PLHIV, People living with HIV.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 S

ep
tem

b
er 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082254 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


6 Djiadeu P, et al. BMJ Open 2024;14:e082254. doi:10.1136/bmjopen-2023-082254

Open access�

difference in data units across studies, we will perform 
data conversion for the meta-analysis. The main statistical 
analysis of the study will involve two steps:

Meta-analysis using data extracted from included studies
Incidence data will be summarised for meta-analysis. A 
pooled estimate of the incidence of sexual HIV trans-
mission will be generated and reported with 95% CI. 
Heterogeneity will be examined using25 26 the I2 and the 
H² statistics since they both relate to the percentage of 
variability that is due to true differences between studies 
(heterogeneity). I² will be quantified as low (≤25%), 
moderate (25%–50%) or high (>50%). Fixed-effect 
model will be used for heterogeneity <50%. Where hetero-
geneity is >50%, we will use the random-effect model to 
examine the association between varying viral loads and 
risk of HIV transmission among serodiscordant couples 
and create summary forest plots.

The variation for moderate or higher heterogeneity 
will be explored by conducting meta-regression and 
sensitivity analyses, including sample size, study year 
and demographic characteristics, or excluding studies 
to examine heterogeneity. Furthermore, we will also 
attempt to explain the heterogeneity by conducting 
subgroup analyses to compare the risk of HIV transmis-
sion between groups, including gay, bisexual and other 
men-who-have-sex-with-men (gbMSM), women who have 
sex with women and heterosexuals.

The presence of publication bias will be assessed using 
a funnel plot and Egger’s test, provided we have at least 
10 studies included in the meta-analysis.24

Statistical analysis using IPD
A data sharing agreement will be established outlining the 
nature of the project, collaboration and responsibilities 
of each party. Deidentified and anonymised participant 
data will be confidentially collected from collaborators. 
Descriptive analyses will be performed to examine the 
participants’ demographic characteristics.

We will analyse all the studies separately to compare 
our results with the original study. Any discrepancies will 
be resolved. Analysis will include all study participants 
following the intention-to-treat approach. Summary 
statistics will be presented as mean (SD) or median 
(IQR) for continuous variables and per cent for categor-
ical variables. Effect size will be computed for different 
thresholds of viral load. χ2 test will be used to evaluate the 
association of viral load to the risk of sexual HIV trans-
mission by comparing the various viral load levels. We will 
also compute ORs and corresponding 95% CI to assess 
the strength of the association of viral load to the risk of 
sexual HIV transmission. The level of statistical signifi-
cance α will be 0.05 for all tests. An individual random-
effect meta-analysis will be conducted to determine the 
overall effect of viral load on sexual HIV transmission. 
Furthermore, a multivariable logistic regression for 
binary outcomes will be done to predict the risk of HIV 
transmission among serodiscordant couples at different 

levels of viral load at the baseline level from each study. 
Additional adjustments with sociodemographic charac-
teristics, including age, sex, education and location, will 
also be included. Effect sizes and standard errors can be 
obtained from this analysis including covariate adjust-
ment which could potentially address bias concerns.

Additionally, viral load levels will be categorised into a 
contingency table to investigate whether different viral 
load categories are associated with different levels of HIV 
transmission risk among sexual partners. A dose-response 
relationship will also be examined between different viral 
load levels in PLHIV and the incidence of HIV among 
their partners using multivariate logistic regression and 
incidence frequencies of sexual HIV transmission.

All analyses will be done in R V.4.2.3, REVMAN and 
SPSS V.28 as needed.

Missing data
Missing data will be addressed depending on the specific 
characteristics of the missing data. An effort will be made 
to discuss with collaborating teams the possibility of 
collecting missing data from their studies. If the data are 
missing completely at random for the entire study, a list-
wise or pair-wise deletion to obtain valid and complete 
cases will be performed. However, this step may reduce 
the sample and power of the study. For the remaining non-
random missing data, multiple imputations by chained 
equations will be used.27 In this method, missing data is 
computed on a case-by-case basis. A regression model will 
also be conditionally applied to the other variables in the 
dataset.

Certainty of evidence
Summary of findings will be presented via tables, 
including tables for each of the prespecified outcomes 
(eg, number of cases of HIV transmission). The Grading 
of Recommendations, Assessment, Development and 
Evaluation will be used to assess the certainty of evidence 
considering the bias risk of the trials, consistency of effect, 
imprecision, indirectness, publication bias, dose response 
and residual confounding.28

Ethics and dissemination
The meta-analysis will be conducted using deidentified 
and anonymised data. No human subjects will be directly 
involved in this research. Dissemination of results of this 
review will be done through peer-reviewed publications 
and presentations, as well as international conferences.

DISCUSSION
We understand that effort, resources and international 
cooperation are required to perform meta-analysis based 
on IPD. We will produce a meta-analysis based on the 
number of collaborators interested in this review and 
the quality of data collected. We will attempt to establish 
quantitative risk estimates of sexual HIV transmission at 
viral load levels between 200 copies/mL and 1000 copies/
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mL and potentially also at levels >1000 copies/mL. This 
two-step systematic review (SR) and individual participant 
data (IPD) meta-analysis will also evaluate the strength of 
the association of viral load to the risk of sexual HIV trans-
mission. The findings of this SR and IPD meta-analysis 
will help patients, researchers and policymakers to better 
understand the risk of sexual HIV transmission in the 
context of ART and the associated considerations for HIV 
treatment and prevention programmes.

Author affiliations
1Sexually Transmitted and Blood Borne Infections Surveillance Division, Public 
Health Agency of Canada, Ottawa, Ontario, Canada
2PHAC Library, Office of the Chief Science Officer, Public Health Agency of Canada, 
Ottawa, Ontario, Canada

Contributors  PD, HB, CA and AF participated in the conception and design of 
the study. PD, HB, CA, and TE developed the search strategy and assessed the 
feasibility of the study. PD, HB, GB, JD and PVN wrote the manuscript. CA improved 
the manuscript. PD, HB, CA and AF are the guarantors. All the authors critically 
reviewed this manuscript and approved the final version.

Funding  This research was funded, conducted and approved by the Public Health 
Agency of Canada.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES
	 1	 UNAIDS. UNAIDS; UNAIDS 2023 epidemiological estimates. (2023). 

Global HIV statistics [Fact sheet], 2023. Available: https://www.​
unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.​
pdf

	 2	 LeMessurier J, Traversy G, Varsaneux O, et al. Risk of sexual 
transmission of human immunodeficiency virus with antiretroviral 
therapy, suppressed viral load and condom use: a systematic review. 
CMAJ 2018;190:E1350–60. 

	 3	 Eisinger RW, Dieffenbach CW, Fauci AS. HIV Viral Load 
and Transmissibility of HIV Infection: Undetectable Equals 
Untransmittable. JAMA 2019;321:451–2. 

	 4	 Prevention Access Campaign. Undetectable = untransmittable. n.d. 
Available: https://www.preventionaccess.org/about

	 5	 Martin-Blondel G, Sauné K, Vu Hai V, et al. Factors associated with 
a strictly undetectable viral load in HIV-1-infected patients. HIV Med 
2012;13:568–73. 

	 6	 Lasry A, Sansom SL, Wolitski RJ, et al. HIV sexual transmission risk 
among serodiscordant couples: assessing the effects of combining 
prevention strategies. AIDS 2023. 

	 7	 Havlir D, Lockman S, Ayles H, et al. What do the Universal Test and 
Treat trials tell us about the path to HIV epidemic control? J Int AIDS 
Soc 2020;23:e25455. 

	 8	 Canadian Aids Society. Ottawa, ON CDNAS; HIV Transmission: 
Guidelines for Assessing Risk, 2004. Available: https://www. cdnaids.​
ca/wp-content/uploads/Guidelines-2005-EnglishFinal.pdf

	 9	 Khangura S, Subramonian A, Severn M. Risk of Sexual Transmission 
of HIV with Antiretroviral Therapy and Variable or Suppressed Viral 
Load. cjht 2023;3. 

	10	 Djiadeu P, Begum H, Sabourin S, et al. Risk of sexual transmission of 
HIV in the context of viral load suppression. Can Commun Dis Rep 
2023. 

	11	 Broyles LN, Luo R, Boeras D, et al. The risk of sexual transmission 
of HIV in individuals with low-level HIV viraemia: a systematic review. 
The Lancet 2023;402:464–71. 

	12	 WHO. The role of HIV viral suppression in improving individual 
health and reducing transmission: policy brief. Geneva: World Health 
Organization; 2023. Licence: CC BY-NC-SA 3.0 IGO, 2023. Available: 
https://www.who.int/publications/i/item/9789240055179

	13	 Tierney JF, Vale C, Riley R, et al. Individual Participant Data (IPD) 
Meta-analyses of Randomised Controlled Trials: Guidance on Their 
Use. PLoS Med 2015;12:e1001855. 

	14	 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015: 
elaboration and explanation. BMJ 2015;350:g7647. 

	15	 Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for 
Systematic Reviews of Interventions Version 6.4 (Updated August 
2023). Cochrane, 2023. Available: www.training.cochrane.org/​
handbook

	16	 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ 2011;343:d5928. 

	17	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: An updated guideline for reporting systematic reviews. Int 
J Surg 2021;88:105906. 

	18	 Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for 
Systematic Review and Meta-Analyses of individual participant data: 
the PRISMA-IPD Statement. JAMA 2015;313:1657–65. 

	19	 Broeze KA, Opmeer BC, van der Veen F, et al. Individual patient 
data meta-analysis: a promising approach for evidence synthesis in 
reproductive medicine. Hum Reprod Update 2010;16:561–7. 

	20	 Tseng A, Seet J, Phillips EJ. The evolution of three decades of 
antiretroviral therapy: challenges, triumphs and the promise of the 
future. Br J Clin Pharmacol 2015;79:182–94. 

	21	 McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 
2012;276–82. 

	22	 Sterne JAC, Hernán MA, McAleenan A, et al. Chapter 25: assessing 
risk of bias in a non-randomized study. In: Welch VA, ed. Cochrane 
Handbook for Systematic Reviews of Interventions version. . 
Cochrane, 2022: 6. 3. Available: www.training.cochrane.org/​
handbook [accessed Feb 2022].

	23	 Grooten WJA, Tseli E, Äng BO, et al. Elaborating on the assessment 
of the risk of bias in prognostic studies in pain rehabilitation using 
QUIPS-aspects of interrater agreement. Diagn Progn Res 2019;3:5. 

	24	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34. 

	25	 HigginsJulian PT, Sally G. Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0 (Updated March 2011). The 
Cochrane Collaboration, Available: www.cochrane-handbook.org 
2011

	26	 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring 
inconsistency in meta-analyses. BMJ 2003;327:557–60. 

	27	 Schafer JL, Olsen MK. Multiple Imputation for Multivariate Missing-
Data Problems: A Data Analyst’s Perspective. Multivariate Behav Res 
1998;33:545–71. 

	28	 Schünemann HJ, Higgins JPT, Vist GE, et al. Completing ‘summary 
of findings’ tables and grading the certainty of the evidence. 
In: Anonymous Cochrane Handbook for Systematic Reviews of 
Interventions. 2019: 375.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 S

ep
tem

b
er 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082254 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
http://dx.doi.org/10.1503/cmaj.180311
http://dx.doi.org/10.1001/jama.2018.21167
https://www.preventionaccess.org/about
http://dx.doi.org/10.1111/j.1468-1293.2012.01012.x
http://dx.doi.org/10.1097/QAD.0000000000000307
http://dx.doi.org/10.1002/jia2.25455
http://dx.doi.org/10.1002/jia2.25455
https://www.%20cdnaids.ca/wp-content/uploads/Guidelines-2005-EnglishFinal.pdf
https://www.%20cdnaids.ca/wp-content/uploads/Guidelines-2005-EnglishFinal.pdf
http://dx.doi.org/10.51731/cjht.2023.632
http://dx.doi.org/10.14745/ccdr.v49i1112a01C
http://dx.doi.org/10.1016/S0140-6736(23)00877-2
https://www.who.int/publications/i/item/9789240055179
http://dx.doi.org/10.1371/journal.pmed.1001855
http://dx.doi.org/10.1136/bmj.g7647
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1016/j.ijsu.2021.105906
http://dx.doi.org/10.1016/j.ijsu.2021.105906
http://dx.doi.org/10.1001/jama.2015.3656
http://dx.doi.org/10.1093/humupd/dmq043
http://dx.doi.org/10.1111/bcp.12403
http://dx.doi.org/10.11613/BM.2012.031
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
http://dx.doi.org/10.1186/s41512-019-0050-0
http://dx.doi.org/10.1136/bmj.315.7109.629
www.cochrane-handbook.org%202011
www.cochrane-handbook.org%202011
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1207/s15327906mbr3304_5
http://bmjopen.bmj.com/

	Association between different levels of suppressed viral load and the risk of sexual transmission of HIV among serodiscordant couples on antiretroviral therapy: a protocol for a two-­step systematic review and individual participant data meta-­analysis
	Abstract
	Introduction﻿﻿
	Research questions

	Methods and analysis
	Patient and public involvement
	Protocol guidance and registration
	Protocol registration
	Eligibility criteria and type of study
	Participants, type of interventions and outcomes of interest
	Information sources and search strategy
	Study selection
	Data extraction and management
	Risk of bias assessment
	Data synthesis
	Meta-analysis using data extracted from included studies
	Statistical analysis using IPD

	Missing data
	Certainty of evidence
	Ethics and dissemination

	Discussion
	References


