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Abstract

Adolescents living with chronic conditions such as HIV (ALHIV) are challenged to remain
adherent and engaged in HIV care. Technology offers a promising platform to deliver behav-
iour-change interventions to adolescents. The largest proportion of ALHIV resides in sub-
Saharan Africa; yet little is known about the effectiveness, feasibility and acceptability of
technology-enabled interventions to deliver and support health care to ALHIV in resource-
constraint settings. This study aims to explore the literature and synthesise the evidence for
the effectiveness, acceptability, and feasibility of technology-enabled health interventions
for ALHIV in low and middle-income countries (LMIC). Eight electronic databases (Ebsco-
host, CINAHL, ERIC, MEDLINE, PubMed, SCOPUS, Science Direct, and Sabinet) and
Google Scholar will be searched to identify technology-enabled health interventions for
ALHIV in LMIC published from 2010-2022. Quantitative and qualitative studies reporting on
technology-enabled health interventions for predominantly adolescents (10—19 years) will
be included. The review will be performed, and findings reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses Protocols. A two-stage process
of screening titles and abstracts, and then full-text, will be performed independently by two
reviewers. The quality of the included studies will be assessed using the Critical Appraisal
Skills Programme checklists, and the Risk of Bias in Non-randomised Studies of Interven-
tions tool will be used to assess the risk of bias. The review will involve publications already
in the public domain; therefore, ethics approval is not required. The results will be dissemi-
nated through a peer-reviewed journal publication and/or conference proceedings.
PROSPERDO registration number: CRD42022336330.

PLOS ONE | https://doi.org/10.1371/journal.pone.0281894  February 17, 2023

1/10


https://orcid.org/0000-0002-2993-6553
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022336330
https://doi.org/10.1371/journal.pone.0281894
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0281894&domain=pdf&date_stamp=2023-02-17
https://doi.org/10.1371/journal.pone.0281894
https://doi.org/10.1371/journal.pone.0281894
https://doi.org/10.1371/journal.pone.0281894
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Technology-enabled health interventions for adolescents living with HIV: Review protocol

relevant data from this study will be made available
upon study completion.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

Introduction

Adolescents living with HIV (ALHIV) globally are challenged to consistently adhere to antire-
troviral treatment (ART) and achieve and maintain viral suppression. It is reported that ado-
lescents between the ages of 10-19 years have lower adherence and retention in care compared
to adults (over 20 years) and children (under 10 years) [1-4]. Whereas self-management of a
chronic condition such as HIV is generally difficult, adolescents find themselves in a challeng-
ing development life stage where they transition from childhood to adulthood, amidst a myr-
iad of physiological, emotional/psychological and social changes that take place within and
around them [5]. ALHIV must take over the responsibility of their health care, in terms of
their medication adherence, clinic visits, and relations with health care providers as well as sig-
nificant adults in society (e.g., school, work and community) [6]. It is recommended that
ALHIV be taught a combination of self-management strategies to improve adherence and
engagement in care as well as general physical and mental well-being [7, 8].

UNAIDS has identified ALHIV as a key population that should be targeted for specific
intervention to fight the global HIV pandemic. Whereas there are approximately 1.75 million
ALHIV globally; 80% of them reside in sub-Saharan Africa in 2020 [9]. Living with HIV in
lower- and middle-income countries (LMIC) bring about many challenges, such as HIV-
related stigma, exposure to stressful life events, poverty, and limited access to adolescent-
friendly health care services. However, evidence for behavioural interventions for ALHIV in
LMIC is limited, because of the paucity of high-quality intervention studies [10, 11]. Technol-
ogy-enabled interventions may hold potential as an instrument to deliver intervention modali-
ties to ALHIV in LMIC, as shown in examples in high-income countries such as the USA [12].

Technology plays an integral role in the lives of many adolescents and 82.8% of youth in the
age range of 11 to 18 years spend on average 1 to 4 hours per day online [13]. For most adoles-
cents, the internet is their preferred source of health information [13, 14]. Technology-enabled
health interventions (also referred to as technology-delivered or simply, technology-based) use
electronic devices such as mobile phones or computers for health information communication
[15, 16]. These interventions are accessed through a device that can be connected to a mobile
network or the internet in the form of an app on a mobile device or on the World Wide Web
[16]. Recently there has been an increase in technology-enabled health interventions for ado-
lescents [17]. Technology platforms enable the transfer of health information, provider/peer
communication and support and can reinforce self-management behaviours through self-
assessment, goal setting and problem-solving [17, 18]. Moreover, technological approaches
can be convenient as it is private and provides a sense of autonomy for adolescents [5]. Smart-
phone apps, social networking, virtual reality, and gamification are particularly relevant in the
context of HIV to facilitate engagement, privacy, support, and feedback [14].

Several systematic reviews have indicated that technology-enabled interventions can be
effective for health promotion [17, 19-22], prevention [23, 24], the management of mental
health [25, 26] and chronic conditions in adolescents [12, 16]. Although technology-enabled
interventions have increased rapidly and can be used in varied contexts and across different
health conditions, their applicability to marginalised groups is limited [27]. Five reviews have
found positive effects of technology-enabled health interventions on the health and treatment
outcomes of adults living with HIV. Areri et al. [7] found that technologically assisted inter-
ventions for adults living with HIV improved symptom management, quality of life, adher-
ence, and mobilising social support. Technology integrated into standard care improves care
access and strengthens the relationship between patients and health care services [28]. Zang
and Li [29] found that technology platforms enabled HIV self-management, and reduced
health care disparities among people living with HIV. Digital health interventions for HIV and
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STIs were highly acceptable and feasible; and mHealth (SMS) and internet-based interventions
improved a range of outcomes, including ART adherence, retention in care, risk reduction
behaviours and self-care [30]. More recently, Manby et al. [31] reported that e-health interven-
tions for HIV prevention and management in sub-Saharan Africa were a low-cost way to
improve HIV management behaviours (adherence and retention in care).

Rationale

There is a paucity of evidence on the effectiveness of technology-enabled health interventions
for ALHIV in LMICs [26, 29]. A previous review on technology-enabled interventions for
ALHIV was geographically limited to the USA [12]. The last search date for the global review
on HIV, technology, and youth [14] was 2015 and found only one study focused on ALHIV
outside the USA. To date, no formal review of technology-enabled interventions for ALHIV in
LMIC has been conducted. There has been an increase in the development of technology-
enabled interventions globally. A review of interventions (2016-2018) to improve ART adher-
ence and retention in care for ALHIV and youth, found one technology-enabled intervention
(mHealth/SMS) [32] and a review on self-management interventions for ALHIV published in
2021 found four technology-enabled interventions and seven ongoing studies with a technol-
ogy component [33]. Previous reviews have focused mainly on HIV treatment outcomes such
as adherence and viral suppression and not on feasibility, acceptability, usability/functionality
and perceived usefulness, which is key to understanding why an intervention is effective or not
in a particular context and for guiding the development of future interventions. It is necessary
to identify design features as well as adolescent preferences for technology-enabled health
interventions to guide future intervention development and scale-up. Moreover, there is a
need to synthesise the effectiveness, feasibility, and acceptability of various technology-enabled
interventions for ALHIV in LMIC.

The current review aims to map the use of technology-enabled health interventions and
determine the effectiveness, feasibility, and acceptability of such interventions on health-
related outcomes for ALHIV in LMIC.

Review questions

The review will be guided by the following questions:

1. What technology-enabled interventions have been implemented in LMIC to support and
deliver healthcare to ALHIV (aged 10-19 years)?

2. What is the effectiveness of various technology-enabled health interventions on general
health and well-being and treatment outcomes of ALHIV in LMIC?

3. What is the feasibility, acceptability, usability/functionality and perceived usefulness of the
various technology-enabled health interventions for ALHIV in LMIC?

Materials and methods
Study design

The review will be guided by the seven systematic review steps as described by Egger, Davey
and Smith [34]. The steps are to formulate the review question, determine the inclusion and
exclusion criteria, develop the search criteria, perform the study selection, assess the quality of
the studies, extract the data, and analyse and synthesise the data. Amendments to this protocol
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will be reported in the published review. The protocol was written according to the guidelines
provided in the Preferred Reporting Items for Systematic Reviews and Meta-analyses Proto-
cols (PRISMA-P) (see S1 Checklist) and registered with the International Prospective Register
of Systematic Reviews (PROSPERO) on 13 June 2022 CRD42022336330.

Inclusion and exclusion criteria

We will consider studies to be eligible for inclusion in the review if they meet the following eli-
gibility criteria.

1. Types of participants: Adolescents living with HIV between the ages of 10-19 years.
Included studies should include adolescents aged between 10-19 years as the primary study
population or report this age group as a sub-analysis. We will also consider an age range of
up to 24 years of age as it is difficult to find data specific to adolescents aged 10-19 years. It
is postulated that the age range 10-24 years relates better to adolescent growth and develop-
ment [35].

2. Types of interventions: Studies that describe a technology-enabled intervention to deliver
or support healthcare (defined as interventions that use electronic devices such as mobile
phones or computers for health information communication).

3. Types of studies: Quantitative (randomised controlled trials, non-randomised controlled
trials, before- and after studies) and qualitative studies reporting on the feasibility and
acceptability of technology-enabled interventions. Peer-reviewed studies or grey literature
will be considered. Studies published in the English language, conducted in LMIC, and
published between 2010 and 2022.

4. Types of comparisons: Technology-enabled health intervention vs no intervention, the
standard of care, waitlist, or another intervention with no technology-enabled component.
We will also consider studies with no comparison.

5. Types of outcomes: We will consider studies reporting on any health-related individual out-
comes as defined by the study authors. We will report on data related to the feasibility,
acceptability, usability/functionality and perceived usefulness of the intervention.

The PICOT (Population, Intervention, Comparison, Outcome and Time) criteria are sum-
marised in Table 1.
The exclusion criteria of the review are as follows:

Table 1. PICOT- criteria for inclusion of studies.

Patient/ Adolescents living with HIV aged 10-19 years

Population « Should be the dominant study population; or provided in disaggregated sub-analysis

Intervention Any technology-enabled health intervention that delivers or supports health care and is
delivered to ALHIV as direct recipients.

Comparisons Not applicable

Outcomes Primary outcomes: health-related individual outcomes as specified by each study e.g., health/

risk behaviours, self-management behaviours, self-efficacy, adherence, retention in care, viral
suppression, quality of life, mental health or well-being

Secondary outcomes: process outcomes e.g., acceptability, feasibility, usability/functionality,
perceived usefulness

Time 2010-2022
Other English language
considerations Low- and middle-income countries as specified by the Organisation for Economic Co-

operation and Development [36]

https://doi.org/10.1371/journal.pone.0281894.t001
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1. Review studies.

2. Technology-enabled interventions that do not involve the adolescent directly as a recipient
of the intervention, i.e., electronic health registers, monitoring and recording of service
delivery.

Information and search strategy

The search strategy will be broad to include technology-enabled health interventions in LMIC
for adolescents. An information specialist will be consulted to develop the search strings. The
systematic search of databases will be conducted on the following databases: Ebscohost (Psy-
charticles, Academic Search Premier), Cumulative Index of Nursing and Allied Health Litera-
ture (CINAHL), Educational Resource Information Center (ERIC), Medical Literature
Analysis Retrieval System Online (MEDLINE), PubMed, SCOPUS, Science Direct, and Sabi-
net. The full-text articles will be sourced by using the “AND” and “OR” Boolean operators and
the following search terms / key words with their MeSH terms. Table 2 contains the search
strategy for PubMed. This strategy will be adapted to the syntax and subject headings of other
databases, and we will report the full strategy for each database in the final review.

We will search ClinicalTrials.gov (www.ClinicalTrials.gov) and the World Health Organi-
zation (WHO) trials portal (www.who.int/ictrp/en/) to identify unpublished and ongoing
studies. In addition, we will search grey literature such as university theses/dissertation data-
bases and conference abstracts, for example, the International AIDS Conference, the Confer-
ence on Retroviruses and Opportunistic Infections (CROI) and the International Workshop
on HIV and Adolescence. In addition, a search will be done on Google Scholar. To comple-
ment the electronic search, we will also screen reference lists of included studies and relevant
systematic reviews. Specialists in the field and authors of the included studies will be contacted
to identify possible unpublished studies.

Study selection

The studies will be selected based on the PICOT-mnemonics, as seen in Table 1. The inclusion
criteria and search strategy will be utilised for the database search. The selection, reviewing,
and reporting of the findings of this review will be done in accordance with the guidelines pro-
vided by Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
[37]. The number of hits from each database will be recorded and the citations will be
imported into Covidence software. Covidence software will allow removing duplicates and
recording the number of citations. Two reviewers will screen titles and abstracts, for eligibility
for inclusion. For inclusion, the full-text articles of eligible studies will be retrieved and inde-
pendently reviewed by the two reviewers. Discrepancies will be resolved through discussion,
and if needed resolved by a third reviewer. Authors of studies will be contacted in case of miss-
ing information. Reasons for excluding studies will be provided. We will depict the process of
study selection in a PRISMA flow diagram.

Table 2. PubMed search strategy.

(“adolescent” OR “young people” OR “teen” OR “teenager”) AND

(“Information and Communications Technology” OR “ICT” OR “Technology” OR “Technology Enabled” OR
“Technology based” OR “gaming” OR “social media” OR “eHealth” OR “mHealth” OR “WhatsApp” OR “SMS” OR
“mobile” OR “internet” OR “text message” OR “telemedicine”) AND

(“HIV” OR “AIDS”) AND

(“Low-income countries” OR “Middle-income countries”)

https://doi.org/10.1371/journal.pone.0281894.t1002
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Data extraction

Two authors will independently extract data in Covidence using a pre-specified data extraction
form (S1 File). Before starting data extraction, we will pilot the form on one study identified
for inclusion and modify it if needed. We will extract data on the study design, characteristics
of participants, type of intervention, description of the intervention, outcomes, and setting. A
description of the components of the technology-enabled health interventions will be extracted
using an adapted form following the 12-item Template for Intervention Description and Repli-
cation (TIDier) checklist [38]. This will assist to record important aspects of the intervention
such as the name of the intervention, rationale, theoretical foundation, duration and intensity,
the type of device, technology design, delivery platform/mode, type of information, the person
(s) delivering the intervention and their training, the setting and procedures followed. We will
resolve disagreements through discussion or by consulting a third person.

Risk of bias and quality assessment

The quality of the included studies will be assessed using the Critical Appraisal Skills Pro-
gramme checklists [39], and the Risk of Bias in Non-randomised Studies of Interventions [40]
tool will be used to assess the risk of bias. The risk of bias will be assessed at the study and out-
come levels. The two reviewers will independently assess the characteristics of each study, then
results will be compared, and differences will be discussed among reviewers.

Data synthesis

The results of this study will be presented in accordance with PRISMA guidance. One author
will enter data extracted from individual studies into Review Manager or Stata Statistical Soft-
ware v17 for analysis and a second author will check the data entry. We will report risk ratios
or odds ratios with 95% confidence intervals for dichotomous data to summarise effects. Con-
tinuous data will be presented as the mean difference (similar measurements) or standardised
mean difference (for different measurement methods) and standard deviations with 95% con-
fidence intervals.

In the case of missing data, we will contact the study authors to obtain the data and will
send a reminder if no response is received. Data will be reported as missing if the authors do
not respond after the reminder. If we consider data to be missing at random, we will use only
the available data in the analysis.

We expect high levels of heterogeneity. Clinical heterogeneity linked to the participants,
intervention, setting, outcome measurement and study design will be described in table for-
mat. If we decide that studies are sufficiently homogenous to perform a meta-analysis, statisti-
cal heterogeneity will be assessed using Tau” and Chi” statistics. We will consider
heterogeneity to be significant if Tau” is more than one, or if the p-value of the Chi® test is less
than 0.1. We will consider an I statistic of more than 30% as substantial heterogeneity. Sub-
stantial heterogeneity will be investigated using sub-group analysis, to assess whether heteroge-
neity is linked to certain characteristics of included studies.

Where ten or more studies are included in a meta-analysis, we will explore possible report-
ing bias by assessing asymmetry in funnel plots to determine whether studies were selectively
reported.

Statistical analysis will be performed using Review Manager or Stata Statistical Software
v17. As we anticipate high levels of heterogeneity, we will use random-effects meta-analysis to
pool data if we consider interventions and study populations to be sufficiently similar. We will
not combine data from RCT's and non-RCTs in a single meta-analysis. If we consider
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heterogeneity to be high, we will not pool data, but rather present findings in a narrative syn-
thesis and table format.

We will perform the following sub-group analyses, if possible, on primary outcomes to
explore heterogeneity:

« Type of device (e.g., phone, smartphone, computer)
« Technology design (e.g., interactive vs non-interactive; individual vs group)

o Delivery platform (e.g., smartphone application, game, web-based, SMS/WhatsApp, social
media such as Facebook)

We plan to carry out sensitivity analyses on primary outcomes to examine the effect of stud-
ies with a high risk of selection and attrition bias; to examine the effect of various intracluster
correlation coefficients (ICCs) where we have adjusted results for clustering; and to examine
the effect of imputed data.

Data on acceptability, feasibility, usability/functionality and perceived usefulness from qual-
itative studies will be explored using thematic analysis and reported narratively. Acceptability
is defined as the receptivity to or uptake of technology-enabled health interventions by health
worker implementers and adolescent recipients. This data can be reported in the form of
descriptive surveys or narratives. Feasibility is defined as the perceived convenience in using
technology platforms or measures and can be reported in, for example, completion rates or
qualitative data [28]. Usability/functionality and perceived usefulness could be tracked through
online metrics or qualitative data.

Assessing the certainty of the evidence

We will include a summary of findings table that will include key information about the cer-
tainty of the evidence, the magnitude of the effect of the technology-enabled health interven-
tion and the sum of available data on the main outcomes. We will assess the certainty of
evidence using Grades of Recommendation, Assessment, Development and Evaluation
(GRADE) [41]. For the quantitative outcomes, we will consider downgrading the certainty of
evidence by assessing the following domains: study limitations, consistency of effect, impreci-
sion, indirectness and publication bias. We will consider upgrading the certainty of evidence if
there is a large effect, where a dose-response is seen, and where all plausible residual confound-
ing would reduce a demonstrated effect or would suggest a spurious effect if no effect was
observed [42, 43]. For each outcome, we will describe the certainty of evidence to be very low,
low, moderate, or high. We will use GRADEPro software to generate summary of findings
tables.

Ethics

Ethics approval is not needed for this systematic review, as it will not involve participants and
will utilise publicly available data. As this is a systematic review protocol no patients or the
public were involved in the design or research.

Discussion

ALHIV is a vulnerable population group with generally poor treatment outcomes compared to
adults and children. Differentiated care models are required to address their specific needs,
with technology-enabled health care interventions showing promise in high-income countries
and in adults living with HIV. However, effectiveness, feasibility, and acceptability need con-
textual consideration. The findings will be useful for health intervention developers and will
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provide much-needed information on how technology-enabled health interventions may be
useful for ALHIV in LMIC. It will inform the development of new interventions and scale-up
of existing interventions by highlighting which interventions appear effective and for what
outcomes as well as practical implementation considerations. The findings will be dissemi-
nated through publication in peer-reviewed journals and/or conference proceedings.

Conclusion

The review will map the range of technology-enabled health interventions for adolescents liv-
ing with HIV in LMIC and provide current evidence on the effectiveness, feasibility, and
acceptability of technology-enabled health interventions for ALHIV in LMIC.

Supporting information

S1 Checklist. Reporting checklist for the protocol of a systematic review and meta-analysis.
Based on the PRISMA-P guidelines.
(DOCX)

S1 File. Pre-specified data extraction form.
(DOCX)

Author Contributions

Conceptualization: Talitha Crowley, Brian van Wyk.

Methodology: Talitha Crowley, Charne Petinger, Brian van Wyk.

Writing - original draft: Talitha Crowley, Charne Petinger, Brian van Wyk.

Writing - review & editing: Talitha Crowley, Charne Petinger, Brian van Wyk.

References

1. Laurenzi CA, Skeen S, Gordon S, Akin-Olugbade O, Abrahams N, Bradshaw M, et al. Preventing men-
tal health conditions in adolescents living with HIV: an urgent need for evidence. Journal of the Interna-
tional AIDS Society. 2020; 23(55): 65—70. Available from: http://onlinelibrary.wiley.com/doi/10.1002/
jia2.25556/full PMID: 32869530

2. Okumu M, Nyoni T, Byansi W. Alleviating psychological distress and promoting mental wellbeing
among adolescents living with HIV in sub-Saharan Africa, during and after COVID-19. Global Public
Health. 2021; 16(6):964—73. https://doi.org/10.1080/17441692.2021.1912137 PMID: 33843460

3. Agwu AL, Fairlie L. Antiretroviral treatment, management challenges and outcomes in perinatally HIV-
infected adolescents. Journal of the International AIDS Society, 2013, 16(1), 18579. https://doi.org/10.
7448/IAS.16.1.18579 PMID: 23782477

4. Slogrove AL, Sohn AH. The global epidemiology of adolescents living with HIV: time for more granular
data to improve adolescent health outcomes. Current opinion in HIV and AIDS, 2018, 13(3), 170-178.
https://doi.org/10.1097/COH.0000000000000449

5. Mutumba M, Mugerwa H, Musiime V, Gautam A, Nakyambadde H, Matama C, et al. Perceptions of
Strategies and Intervention Approaches for HIV Self-Management among Ugandan Adolescents: A
Qualitative Study. J Int Assoc Provid AIDS Care. 2019; 18:1-8. https://doi.org/10.1177/
2325958218823246 PMID: 30798668

6. Enane LA, Apondi E, Omollo M, Toromo JJ, Bakari S, Aluoch J, et al. “I just keep quiet about it and act
as if everything is alright’-The cascade from trauma to disengagement among adolescents living with
HIV in western Kenya. J Int AIDS Soc. 2021; 24:1—11. https://doi.org/10.1002/jia2.25695

7. AreriHA, Marshall A, Harvey G. Interventions to improve self-management of adults living with HIV on
Antiretroviral Therapy: A systematic review. PLoS ONE. 2020; 15(5):1-22. https://doi.org/10.1371/
journal.pone.0232709 PMID: 32392245

PLOS ONE | https://doi.org/10.1371/journal.pone.0281894  February 17, 2023 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0281894.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0281894.s002
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25556/full
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25556/full
http://www.ncbi.nlm.nih.gov/pubmed/32869530
https://doi.org/10.1080/17441692.2021.1912137
http://www.ncbi.nlm.nih.gov/pubmed/33843460
https://doi.org/10.7448/IAS.16.1.18579
https://doi.org/10.7448/IAS.16.1.18579
http://www.ncbi.nlm.nih.gov/pubmed/23782477
https://doi.org/10.1097/COH.0000000000000449
https://doi.org/10.1177/2325958218823246
https://doi.org/10.1177/2325958218823246
http://www.ncbi.nlm.nih.gov/pubmed/30798668
https://doi.org/10.1002/jia2.25695
https://doi.org/10.1371/journal.pone.0232709
https://doi.org/10.1371/journal.pone.0232709
http://www.ncbi.nlm.nih.gov/pubmed/32392245
https://doi.org/10.1371/journal.pone.0281894

PLOS ONE

Technology-enabled health interventions for adolescents living with HIV: Review protocol

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Modi AC, Pai AL, Hommel KA, Hood KK, Cortina S, Hilliard ME, et al. Pediatric self-management: A
framework for research, practice, and policy. Pediatrics. 2012; 129(2): e473-e485. https://doi.org/10.
1542/peds.2011-1635 PMID: 22218838

UNICEF. UNAIDS 2021 estimates [Internet]. 2021 [cited 2022 May 29]. Available from: https://data.
unicef.org/topic/hiv-aids/#:~:text=Globally%2C%20adolescents%2010%2D 19%20years,of%20all%
20AIDS%2Drelated%20deaths.

Zanoni BC, Sibaya T, Cairns C, Haberer JE. Barriers to Retention in Care are Overcome by Adoles-
cent-Friendly Services for Adolescents Living with HIV in South Africa: A Qualitative Analysis. AIDS and
Behavior. 2019; 23(4):957-65. https://doi.org/10.1007/s10461-018-2352-6 PMID: 30535836

Crowley T, van der Merwe A, Kidd M, Skinner D. Adolescent human immunodeficiency virus self-man-
agement: Associations with treatment adherence, viral suppression, sexual risk behaviours and health-
related quality of life. South African Journal of HIV Medicine. 2020; 21(1):592-606. https://doi.org/10.
4102/sajhivmed.v21i1.1054 PMID: 32391177

Navarra AMD, Gwadz MV, Whittemore R, Bakken SR, Cleland CM, Burleson W, et al. Health Technol-
ogy-Enabled Interventions for Adherence Support and Retention in Care Among US HIV-Infected Ado-
lescents and Young Adults: An Integrative Review. AIDS and Behavior. 2017; 21(11):3154-71. https://
doi.org/10.1007/s10461-017-1867-6 PMID: 28776275

Park E, Kwon M. Health-related internet use by children and adolescents: Systematic review. Journal of
Medical Internet Research. 2018; 20(4): e120. https://doi.org/10.2196/jmir.7731 PMID: 29615385

Hightow-Weidman LB, Muessig KE, Bauermeister J, Zhang C, LeGrand S. Youth, Technology, and
HIV: Recent Advances and Future Directions. Current HIV/AIDS Reports. 2015; 12(4):500-15. https://
doi.org/10.1007/s11904-015-0280-x PMID: 26385582

Cho H, Powell D, Pichon A, Thai J, Bruce J, Kuhns LM, et al. A Mobile Health Intervention for HIV Pre-
vention Among Racially and Ethnically Diverse Young Men: Usability Evaluation. JMIR Mhealth
Uhealth. 2018; 6(9): e11450. https://doi.org/10.2196/11450 PMID: 30194060

Low JK, Manias E. Use of technology-based tools to support adolescents and young adults with chronic
disease: Systematic review and meta-analysis. JMIR mHealth and uHealth. 2019; 7(7): e12042.
https://doi.org/10.2196/12042 PMID: 31322129

Celik R, Toruner EK. The Effect of Technology-Based Programmes on Changing Health Behaviours of
Adolescents: Systematic Review. Comprehensive Child and Adolescent Nursing. 2020; 43(2): 92-110.
https://doi.org/10.1080/24694193.2019.1599083 PMID: 31157992

Radovic A, McCarty CA, Katzman K, Richardson LP. Adolescents’ perspectives on using technology
for health: Qualitative study. JMIR Pediatrics and Parenting. 2018; 1(1). https://doi.org/10.2196/
pediatrics.8677 PMID: 30740590

Kouvari M, Karipidou M, Tsiampalis T, Mamalaki E, Poulimeneas D, Bathrellou E, et al. Digital Health
Interventions for Weight Management in Children and Adolescents: Systematic Review and Meta-anal-
ysis. Journal of Medical Internet Research. 2022; 24(2). https://doi.org/10.2196/30675 PMID:
35156934

He Z, WuH, YuF, FuJ, Sun S, Huang T, et al. Effects of smartphone-based interventions on physical
activity in children and adolescents: Systematic review and meta-analysis. JMIR Mhealth Uhealth.
2021; 9(2). https://doi.org/10.2196/2260 1 https://doi.org/10.2196/22601 PMID: 33522980

Park J, Park MJ, Seo YG. Effectiveness of information and communication technology on obesity in
childhood and adolescence: Systematic review and meta-analysis. Journal of Medical Internet
Research. 2021; 23(11). https://doi.org/10.2196/29003 PMID: 34787572

do Amaral E Melo GR, de Carvalho Silva Vargas F, dos Santos Chagas CM, Toral N. Nutritional inter-
ventions for adolescents using information and communication technologies (ICTs): A systematic
review. PLoS ONE. 2017; 12(9):1—12. https://doi.org/10.1371/journal.pone.0184509 PMID: 28961248

Widman L, Nesi J, Kamke K, Choukas-Bradley S, Stewart JL. Technology-Based Interventions to
Reduce Sexually Transmitted Infections and Unintended Pregnancy Among Youth. Journal of Adoles-
cent Health. 2018; 62(6):651-60. https://doi.org/10.1016/j.jadohealth.2018.02.007 PMID: 29784112

Melia R, Francis K, Duggan J, Bogue J, O’Sullivan M, Chambers D, et al. Mobile Health Technology
Interventions for Suicide Prevention: Protocol for a Systematic Review and Meta-Analysis. JMIR
Research Protocols. 2018; 7(1). https://doi.org/10.2196/resprot.8635 PMID: 29374003

Grist R, Croker A, Denne M, Stallard P. Technology Delivered Interventions for Depression and Anxiety
in Children and Adolescents: A Systematic Review and Meta-analysis. Clinical Child and Family Psy-
chology Review, 2019; 22(2):147-71. https://doi.org/10.1007/s10567-018-0271-8 PMID: 30229343

Lehtimaki S, Martic J, Wahl B, Foster KT, Schwalbe N. Evidence on digital mental health interventions
for adolescents and young people: Systematic overview. JMIR Mental Health. 2021; 8(4). https://doi.
org/10.2196/25847 PMID: 33913817

PLOS ONE | https://doi.org/10.1371/journal.pone.0281894  February 17, 2023 9/10


https://doi.org/10.1542/peds.2011-1635
https://doi.org/10.1542/peds.2011-1635
http://www.ncbi.nlm.nih.gov/pubmed/22218838
https://data.unicef.org/topic/hiv-aids/#:~:text=Globally%2C%20adolescents%2010%2D19%20years,of%20all%20AIDS%2Drelated%20deaths
https://data.unicef.org/topic/hiv-aids/#:~:text=Globally%2C%20adolescents%2010%2D19%20years,of%20all%20AIDS%2Drelated%20deaths
https://data.unicef.org/topic/hiv-aids/#:~:text=Globally%2C%20adolescents%2010%2D19%20years,of%20all%20AIDS%2Drelated%20deaths
https://doi.org/10.1007/s10461-018-2352-6
http://www.ncbi.nlm.nih.gov/pubmed/30535836
https://doi.org/10.4102/sajhivmed.v21i1.1054
https://doi.org/10.4102/sajhivmed.v21i1.1054
http://www.ncbi.nlm.nih.gov/pubmed/32391177
https://doi.org/10.1007/s10461-017-1867-6
https://doi.org/10.1007/s10461-017-1867-6
http://www.ncbi.nlm.nih.gov/pubmed/28776275
https://doi.org/10.2196/jmir.7731
http://www.ncbi.nlm.nih.gov/pubmed/29615385
https://doi.org/10.1007/s11904-015-0280-x
https://doi.org/10.1007/s11904-015-0280-x
http://www.ncbi.nlm.nih.gov/pubmed/26385582
https://doi.org/10.2196/11450
http://www.ncbi.nlm.nih.gov/pubmed/30194060
https://doi.org/10.2196/12042
http://www.ncbi.nlm.nih.gov/pubmed/31322129
https://doi.org/10.1080/24694193.2019.1599083
http://www.ncbi.nlm.nih.gov/pubmed/31157992
https://doi.org/10.2196/pediatrics.8677
https://doi.org/10.2196/pediatrics.8677
http://www.ncbi.nlm.nih.gov/pubmed/30740590
https://doi.org/10.2196/30675
http://www.ncbi.nlm.nih.gov/pubmed/35156934
https://doi.org/10.2196/2260
https://doi.org/10.2196/22601
http://www.ncbi.nlm.nih.gov/pubmed/33522980
https://doi.org/10.2196/29003
http://www.ncbi.nlm.nih.gov/pubmed/34787572
https://doi.org/10.1371/journal.pone.0184509
http://www.ncbi.nlm.nih.gov/pubmed/28961248
https://doi.org/10.1016/j.jadohealth.2018.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29784112
https://doi.org/10.2196/resprot.8635
http://www.ncbi.nlm.nih.gov/pubmed/29374003
https://doi.org/10.1007/s10567-018-0271-8
http://www.ncbi.nlm.nih.gov/pubmed/30229343
https://doi.org/10.2196/25847
https://doi.org/10.2196/25847
http://www.ncbi.nlm.nih.gov/pubmed/33913817
https://doi.org/10.1371/journal.pone.0281894

PLOS ONE

Technology-enabled health interventions for adolescents living with HIV: Review protocol

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Bernardin KN, Toews DN, Restall GJ, Vuongphan L. Self-management interventions for people living
with human immunodeficiency virus. Canadian Journal of Occupational Therapy. 2013; 80(5):314-27.
https://doi.org/10.1177/0008417413512792

de Lima ICV, Galvdo MTG, Alexandre H de O, Lima FET, Araujo TL de. Information and communication
technologies for adherence to antiretroviral treatment in adults with HIV/AIDS. International Journal of
Medical Informatics. 2016; 92:54—61. https://doi.org/10.1016/}.ijmedinf.2016.04.013

Zhang 'Y, Li X. Uses of information and communication technologies in HIV self-management: A sys-
tematic review of global literature. International Journal of Information Management. 2017; 37(2):75—
83. https://doi.org/10.1016/j.ijinfomgt.2016.11.003

Daher J, Vijh R, Linthwaite B, Dave S, Kim J, Dheda K, et al. Do digital innovations for HIV and sexually
transmitted infections work? Results from a systematic review (1996-2017). BMJ Open. 2017; 7(11):1—
11. https://doi.org/10.1136/bmjopen-2017-017604 PMID: 29101138

Manby L, Aicken C, Delgrange M, Bailey J v. Effectiveness of eHealth Interventions for HIV Prevention
and Management in Sub-Saharan Africa: Systematic Review and Meta-analyses. AIDS and Behavior.
2022; 26(2):457-69. https://doi.org/10.1007/s10461-021-03402-w

Casale M, Carlgvist A, Cluver L. Recent Interventions to Improve Retention in HIV Care and Adherence
to Antiretroviral Treatment among Adolescents and Youth: A Systematic Review. AIDS Patient Care
and STDs. 2019; 33(6):237-52. https://doi.org/10.1089/apc.2018.0320 PMID: 31166783

Crowley T, Rohwer A. Self-management interventions for adolescents living with HIV: a systematic
review. BMC Infectious Diseases. 2021; 21(1):1-29. https://doi.org/10.1186/s12879-021-06072-0

Matthias Egger, Davey Smith George Altman DG. Systematic reviews in health care: meta-analysis in
context. BMJ Books; 2001.

Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The age of adolescence. The Lancet. Child
& adolescent health, 2018, 2(3), 223-228. https://doi.org/10.1016/S2352-4642(18)30022-1.

DAC List of ODA Recipients. Available from: https://www.oecd.org/dac/financing-sustainable-
development/development-finance-standards/daclist.htm

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic reviews. The BMJ. 2021; 372:n71. https://doi.
org/10.1136/bmj.n71 PMID: 33782057

Hoffmann TC, Glasziou PP, Barbour V, Macdonald H. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ. 2014; 1687:1-12. https://doi.
org/10.1136/bmj.g1687 PMID: 24609605

Critical Appraisal Skills Programme. CASP Systematic Review Checklist [Internet]. 2022 [cited 2022
May 29]. Available from: https://casp-uk.net/casp-tools-checklists/

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M, et al. ROBINS-I: A tool
for assessing risk of bias in non-randomised studies of interventions. BMJ (Online). 2016; 355:i4919.
https://doi.org/10.1136/bm;.i4919 PMID: 27733354

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. GRADE Working Group (2004).
Grading quality of evidence and strength of recommendations. BMJ (Clinical research ed.), 328(7454),
1490. https://doi.org/10.1136/bm].328.7454.1490 PMID: 15205295

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. Introduction—
GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. 2011 Apr 1; 64(4):383-94.
https://doi.org/10.1016/j.jclinepi.2010.04.026 PMID: 21195583

Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE guidelines: 3.

Rating the quality of evidence. J Clin Epidemiol. 2011 Apr; 64(4):401-6. https://doi.org/10.1016/.
jclinepi.2010.07.015 PMID: 21208779

PLOS ONE | https://doi.org/10.1371/journal.pone.0281894  February 17, 2023 10/10


https://doi.org/10.1177/0008417413512792
https://doi.org/10.1016/j.ijmedinf.2016.04.013
https://doi.org/10.1016/j.ijinfomgt.2016.11.003
https://doi.org/10.1136/bmjopen-2017-017604
http://www.ncbi.nlm.nih.gov/pubmed/29101138
https://doi.org/10.1007/s10461-021-03402-w
https://doi.org/10.1089/apc.2018.0320
http://www.ncbi.nlm.nih.gov/pubmed/31166783
https://doi.org/10.1186/s12879-021-06072-0
https://doi.org/10.1016/S2352-4642(18)30022-1
https://www.oecd.org/dac/financing-sustainable-development/development-finance-standards/daclist.htm
https://www.oecd.org/dac/financing-sustainable-development/development-finance-standards/daclist.htm
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/pubmed/24609605
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.1136/bmj.328.7454.1490
http://www.ncbi.nlm.nih.gov/pubmed/15205295
https://doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
http://www.ncbi.nlm.nih.gov/pubmed/21208779
https://doi.org/10.1371/journal.pone.0281894

