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Summary
Background: As HIV/AIDS is considered a chronic disease; quality of life (QoL) has become an im-
portant focus for researchers and healthcare providers. Technology-mediated interventions have 
demonstrated improved clinical effectiveness in outcomes, such as viral suppression, for persons 
living with HIV/AIDS (PLWH). However, the evidence to support the impact of these interventions 
on QoL is lacking. 
Objectives: The aim of this paper was to assess the impact of technology-mediated interventions 
on QoL and to identify the instruments used to measure the QoL of PLWH.
Methods: For this review we followed the PRISMA guidelines. A literature search was conducted in 
PubMed, CINAHL, Cochrane, and EMBASE databases in April 2016. Inclusion criteria limited articles 
to those with technology-mediated interventions as compared to usual care; articles with the popu-
lation defined as HIV-infected patients; and articles with QoL measured as a health outcome in ran-
domized controlled trials. The Cochrane Collaboration Risk of Bias Tool was used to assess study 
quality.
Results: Of the 1,554 peer-reviewed articles returned in the searches, 10 met the inclusion criteria. 
This systematic review identified four types of technology-mediated interventions and two types of 
QoL instruments used to examine the impact of technology-mediated interventions on PLWH. Four 
studies of technology-mediated interventions resulted in improvement in QoL. Four studies con-
sidered QoL as a secondary outcome and resulted in a negative or neutral impact on QoL. Overall, 
four studies had a low risk of bias, one study had a moderate risk of bias, and the other five studies 
had a high risk of bias.
Conclusions: The evidence to support the improvement of QoL using technology-mediated inter-
ventions is insufficient. This lack of research highlights the need for increased study of QoL as an 
outcome measure and the need for consistent measures to better understand the role of technol-
ogy-mediated interventions in improving QoL for PLWH.
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1. Background
There were an estimated 36.7 million persons living with HIV/AIDS (PLWH) in the world at the 
end of 2015 [1]. Due to advances in treatment in the past three decades, the survival of PLWH has 
increased and HIV/AIDS is considered a chronic disease [2]. As a result, quality of life (QoL) for 
PLWH has become an important focus for researchers and healthcare providers [3]. The World 
Health Organization (WHO) has defined QoL as “individuals’ perceptions of their position in life in 
the context of the culture and value systems in which they live and in relation to their goals, stan-
dards, expectations and concerns” [4]. As PLWH are burdened with opportunistic infections and 
lifetime treatments with potential adverse effects, there has been growing interest in understanding 
PLWH’s QoL as a significant health outcome measure, and its enhancement is an important goal in 
HIV/AIDS care [5–8].

Technology-mediated interventions, utilizing technologies as an intervention, have the potential 
not only to support lifelong engagement and improvement in the HIV care continuum but also to 
improve the QoL of PLWH [9–12]. Technology-mediated interventions have demonstrated efficacy 
to improve clinical effectiveness in outcomes of medication adherence and viral suppression for 
PLWH [13–15]. Such interventions could also potentially improve QoL by improving communi-
cation between patients and providers and communication among diverse providers for a multidis-
ciplinary care approach, increasing treatment monitoring, supporting information/resource delivery 
and enhancing quality of care to PLWH [16–20]. Several factors have been identified as related to 
the QoL of PLWH, including medication adherence [21], symptom management [22], HIV-related 
stigma [23], social support [24], and access to health care resources and social services [25]. Tech-
nology-mediated interventions can support HIV-related treatment and management, providing so-
cial support and improving service delivery [26].

However, the evidence to support the impact of technology-mediated interventions on QoL is 
lacking. Despite the potential of these interventions and the increased recognition of the importance 
of QoL, the extant previous literature has focused on the effect of technology-mediated interven-
tions on other clinical outcomes. To our knowledge, this is the first systematic review to focus on 
QoL as an outcome measure. Therefore, our manuscript adds to the literature by evaluating the evi-
dence of technology-mediated interventions on QoL and exploring how it is being measured.

2. Objectives
As a preliminary step in addressing this gap, the objective of this review was to evaluate the impact 
of technology-mediated interventions on the QoL of PLWH as a health outcome, and to assess the 
instruments used to measure QoL. This evaluation contributes to the decision-making on the utility 
in investing in technology-mediated interventions for improving QoL.

3. Methods
This literature review systematically identified randomized controlled trials (RCTs) that evaluated 
the effect of technology-mediated interventions on QoL for PLWH. In this review, technology-me-
diated interventions were categorized as eHealth, telehealth, and mHealth, which are not mutually 
exclusive as interventions. Since eHealth is the use of a wider range of information and communi-
cation technologies (ICT) for health [27], and telehealth and mHealth are areas of eHealth [28, 29], 
we defined those types of technology-mediated interventions as follows: 1) eHealth; use of internet 
for health including electronic medical records (EMR) [9], 2) telehealth; use of telecommunication 
technologies to support long-distance clinical health care, and patient and professional health-re-
lated education as a broader scope of telemedicine [28], and 3) mHealth; use of mobile technologies 
such as mobile phones and Personal Digital Assistants (PDAs) for health [29]. A phone-call-based 
interventions using landline telephones or mobile phones were categorized into telehealth. This re-
view followed the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 
Guidelines [30].
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3.1 Search strategy

A comprehensive search strategy was developed in collaboration with a research librarian at Colum-
bia University Medical Center. Searches were conducted in April 2016 without date limits of publi-
cation in the following four databases: PubMed, EBSCO CINAHL, Cochrane Library, and EMBASE. 
Further searches were run using the following sources: institutional websites including the WHO, 
the National Institute for Health and Care Excellence (NICE), and the Joint United Nations Program 
on HIV/AIDS (UNAIDS). To capture all relevant studies, a ‘hand’ search of references identified re-
views was also conducted. Search terms used in the title, abstract, or author keywords were as fol-
lows: (text OR text message OR text messaging OR short message service OR SMS OR mobile appli-
cation* OR cell phone* OR cellular phone* OR smartphone* OR mobile phone* OR mobile health 
OR mhealth OR computers, handheld OR personal digital assistant OR PDA OR eHealth OR 
e-Health OR electronic health OR online OR social networking OR information system* OR rem-
inder system* OR telemedicine OR telehealth) AND (HIV OR HIV infection* OR Human Immu-
nodeficiency Virus OR AIDS OR AIDS virus OR Acquired Immunodeficiency Syndrome). MeSH 
headings and the exact text word were used.

3.2 Study Selection and Data Extraction
We used Covidence [31], a web-based program designed to support the systematic review process, 
to facilitate screening at the title/abstract, and full text level, as well as data extraction, adjudication 
of disagreements, and confirmation of data. During each screening stage, two reviewers indepen-
dently assessed eligibility and differences were resolved by consensus. The following information 
was extracted from the studies: the name of the first author, publication year, locations of the studies, 
type of studies, target population, sample size, interventions, duration of studies, outcomes, and key 
conclusions. Data extraction was conducted by two independent reviewers, and a third consulted in 
instances of uncertainty.

3.3 Eligibility Criteria
Inclusion criteria were as follows: 1) original research manuscript; 2) studies that were RCTs that as-
sessed the impact of technology-mediated interventions as compared to usual care or any other in-
tervention; 3) defined the population of interest as PLWH; 4) examined QoL as a health outcome; 5) 
available in the English language and full text. We excluded poster sessions, presentations, protocols, 
letters, comments, editorials, correspondences or grey literature (e.g., blogs, newsletters, videos).

3.4 Quality Assessment
The quality appraisal was conducted using the Cochrane Collaboration Risk of Bias Tool (CCRBT) 
[32] to ascertain overall study quality. The CCRBT is a validated tool that was designed to evaluate 
the risk of bias in RCTs [32]. It evaluates six different domains: 1) adequacy of sequence generation, 
2) concealment of allocation, 3) blinding, 4) completeness of follow-up, 5) freedom from reporting 
bias, and 6) other forms of bias. Each domain is evaluated as ‘yes’ (low risk of bias), ‘no’ (high risk of 
bias) or ‘unclear’ (uncertain risk of bias). Each study is then assigned an overall grade of high, mod-
erate, or low risk of bias. Per the risk of bias guidelines, overall assessment of quality is assigned to 
each individual study according to the following criteria: low risk of bias if the first three domains are 
scored as ‘yes’ and no important concerns related to the last three domains are identified; moderate 
risk of bias if one or two domains are scored as not clear or not done; and high risk of bias if more 
than two domains are scored as not clear or not done.
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4. Results

4.1 Study Selection
The initial searches resulted in 1,554 articles. We identified an additional 66 articles through hand 
searches. After deduplication 1,108 original articles remained. During screening, 944 studies were 
excluded based on title and abstract. During a full-text review, an additional 154 articles were ex-
cluded based on inclusion/exclusion criteria. A total of 10 studies that met the criteria were included 
in the systematic review. ▶ Figure 1 displays the results of the search and study selection.

4.2 Study Characteristics
An overview of study characteristics for the 10 eligible studies is presented in ▶ Table 1. These are: 
Gustafson, 1994 [33]; Huang, 2013 [34]; Leon, 2011 [35]; Mbuagbaw, 2012 [36]; Millard, 2015 [37]; 
Proeschold-Bell, 2010 [38]; Pyne, 2011 [39]; Robbins, 2013 [40]; Wang, 2010 [41]; and Wu, 2006 
[42]. All studies derived their estimate of the effectiveness of technology-mediated interventions on 
QoL from RCTs that assessed the differences between technology-mediated intervention groups and 
control groups. Of the RCTs, six [33, 34, 38–41] were multi-site RCTs, and the other four [35–37, 42] 
were single-site RCTs including a pilot study [37]. One study was reported as a secondary analysis 
using data from RCTs [42]. Five studies were based in the United States [33, 38–40, 42], two studies 
in China [34, 41], and one each in Spain [35], Cameroon [36], and Australia [37]. One study was 
published in 1994 [33], and the other nine studies were published between 2006 and 2015. Sample 
sizes varied, ranging from 62 [42] to 333 [40] participants. All participants in eligible studies were 
adult PLWH including those who were antiretroviral therapy (ART) treatment-naive and/or ART 
treatment-experienced patients, PLWH with depression [39], gay men [37], and heroin-experienced 
users [41]. The duration of studies ranged from 7 weeks [37] to 160 weeks [40].

4.3 Study Findings
4.3.1 Type of Technology-Mediated Interventions
For the purpose of analysis, technology-mediated interventions used in the 10 reviewed studies were 
classified into four main categories: eHealth (n=3), telehealth (n=4), eHealth+telehealth (n=1), and 
mHealth (n=2). ▶ Table 2 displays a summary of technology-mediated interventions used in eligible 
studies. The following section briefly describes the technology-mediated interventions classified in 
the four main categories.

eHealth (n=3): computer-based system, Internet-based program, and Health Information Ex-
change (HIE) 
In a study using a computer-based system, CHESS (Comprehensive Health Enhancement Support 
System) offered information, social and emotional support, and problem-solving tools in health 
crises [33]. For an Internet-based program, an online self-management program called Positive Out-
look was assessed for its feasibility, acceptability, and effectiveness for gay men living with HIV [37]. 
Patient information between care providers among six infectious disease clinics paired with 9 case 
management agencies was exchanged using electronic health records and printouts inserted into 
charts [38].

Telehealth (n=4): phone calls and telemedicine
Phone calls were the most commonly used tool and the primary platform to evaluate the impact on 
QoL in PLWH. In one study [34], phone calls were made every two weeks to patients in the inter-
vention group. During the phone call intervention, two trained nurses used a semi-structured dia-
logue to elicit the reasons and difficulties in symptom management and treatment adherence. In an-
other study [40], a site-nurse initiated adherence and symptom support phone calls every 1 to 3 days 
after starting ART and then every 8 weeks. The other phone call intervention was also carried out 
every two weeks [41]; however, this was used to compliment a home visit intervention. The phone 
calls intervention by trained nurses was designed to be semi-structured to assess the adherence level, 
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inquire how the patients had been implementing their medication plan, identify common barriers, 
and ask information about general emotional, eating, and sleeping problems. Virtual Hospital was a 
telemedicine intervention that offered integrated online patient monitoring by a multidisciplinary 
care team (9 infectious diseases specialists, 3 nurses, 1 psychologist, 1 psychiatrist, 3 pharmacists, 
and 1 social worker), allowing the professionals to remotely follow up with patients who have access 
to their own clinical and pharmaceutical files [35]. Virtual Hospital offered four main services: vir-
tual consultations, telepharmacy, virtual library and virtual community.

eHealth plus telehealth (n=1): Web-based decision support system + telephone-based moni-
toring
In a study using eHealth with telehealth [39], the HIV Translating Initiatives for Depression into Ef-
fective Solutions (HITIDES) intervention consisted of an offsite HIV depression care team (a regis-
tered nurse depression care manager, pharmacist, and psychiatrist) that delivered up to 12 months of 
collaborative care backed by a Web-based decision support system with telephone-based monitor-
ing.

mHealth (n=2): text messaging and programmable mobile device
The Cameroon mobile phone SMS (CAMPS) intervention [36] used text messaging via short mess-
age service (SMS) to deliver a behavior change intervention and retain participants’ attention. Each 
participant in the intervention group received motivational and reminder messages. A new message 
from a series of 11 messages was sent weekly. Another study used a programmable mobile device in-
tervention called Disease Management Assistance System (DMAS) [42]. The DMAS, an electronic 
device programmed with an individualized ART regimen, with verbal reminder messages regarding 
dosing times, was evaluated for its feasibility for use in HIV-infected patients. The DMAS device 
also recorded dosing date and time when the patient pushes a response button, and these data could 
be uploaded to a PC, used to generate reports.

4.3.2 QoL instruments
QoL instruments were classified into two main types: generic and HIV-specific. ▶ Table 3 displays a 
summary of QoL instruments used in the studies included in this review.

Generic (n=6)
Generic types of QoL instruments were the most commonly used (n=6, 60%). Of the generic types, 
the Short Form (SF)-12 and SF-36 were used to measure QoL in two studies [36, 38]. The SF-12 and 
SF-36 provide two summary measures: the physical component summary and the mental compo-
nent summary, which were utilized as the primary outcome measures of self-reported health. The 
SF-12 is weighted and summed to provide easily interpretable scales for physical and mental health. 
The SF-36 is a 36-item instrument validated in the Medical Outcomes Study to assess important 
QoL domains relevant to patients suffering from a wide range of medical conditions [43]. The SF-36 
consists of eight QoL domains: physical functioning, role functioning (physical and emotional), 
bodily pain, general health, vitality, social functioning, and mental health. Subscales are scored from 
0 to 100, with 100 indicating better health [38]. The SF-12 is a shortened form of the SF-36 Health 
Survey and it can be explained about 90% of the variation in the same summary measures of the 
SF-36 [44, 45]. One study used the Mini-International Neuropsychiatric Interview (MINI) to evalu-
ate QoL.[35] The MINI is a widely used psychiatric structured diagnostic interview instrument, 
containing 130 questions with only ‘yes’ or ‘no’ answers [46, 47]. In the study, the MINI assessed 
various aspects including mental and physical health, cognitive and social functioning, energy levels 
and vitality, perceived social support, sleep, and sexuality. MINI has been validated in HIV patients 
[48]. In another study, the Quality of Well-Being Self-administered Scale (QWB-SA) was used and 
the QWB-SA score was derived from general population preference weights, and it ranges from 
death (0.0) to perfect health (1.0) [39]. The Chinese version of the WHO Quality of life (WHOQOL-
BREF) was also used.[41] WHOQOL-BREF is a 26-item multiple-choice questionnaire, including 
one item for general QoL, one item for health-related QoL and twenty-four items belonging to four 
domains: seven items in physical, six items in psychological, three items social, and eight items envi-
ronmental. Individual items are rated on a five-item Likert scale. Since the number of items differs in 
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the four domains, the score of each domain is calculated by multiplying the average of the scores of 
all items; hence, the domain scores range from 4 to 20. The Chinese version of the WHOQOL-BREF 
was validated in the Chinese population [49]. Gustafson et al. [33] reported the average QoL score 
for eight dimensions including social support, cognitive functioning, active life, active participating 
in health care, negative emotions, depression, physical functioning, and level of energy.

HIV specific (n=4)
The following four HIV-specific QoL instruments were used [34, 37, 40, 42]. The World Health Or-
ganization Quality of Life Instrument-HIV Abbreviated version (WHOQOL-HIV BREF) is a HIV-
specific instrument, comprised of two general items for the assessment of general health and overall 
QoL along with 29 additional items that cover six domains: physical well-being; psychological status; 
level of independence; social relationships; environment; and spirituality/religion/personal beliefs 
[34, 50]. There are four items in the physical, five items in the psychological, four items in the level of 
independence, four items in the social relationships, eight items in the environment, and four items 
in the spiritual domain. The score is calculated the same way as the Chinese version of the WHOQ-
OL-BREF. The Patient Reported Outcomes Quality of Life-HIV (PROQOL-HIV), used in another 
study [37] includes 8 domains of physical health and symptoms, body change, social relationships, 
intimate relationships, stigma, emotional distress, health concerns, and treatment impact [51]. The 
AIDS Clinical Trials Group (ACTG) Multidimensional Health Status and the Quality of Life 
(QL0601–0602) instrument was also used [40]. The QL0601 is an overall health status assessment, 
and the QL0602 is a multidimensional health status assessment, including 9 domains with 21 items: 
overall health, general health perceptions, physical functioning, role functioning, pain, social func-
tioning, mental health, energy, and cognitive functioning. Wu et al. [42] administered a battery of 
QoL instruments including the Medical Outcomes Study HIV Health Survey (MOS-HIV) with the 
Centers for Epidemiologic Studies Depression Scale (CES-D), Instrumental Activities of Daily Liv-
ing (IADLs), and additional role-functioning items. The MOS-HIV is a brief, comprehensive HIV-
targeted measure of QoL, including 10 dimensions: pain, physical function, role function, social 
function, mental health, energy/fatigue, health distress, cognitive function, health perception, and 
overall QoL [52]. The scores for each domain were calculated and transformed linearly into a 0 to 
100 scale. Twenty items on the CES-D covered guilt and loneliness, appetite, sleep, psychomotor 
problems, mood, and depressive symptoms using a four-point scale that ranges from 0 to 3 [53]. The 
15 items of the IADLs assessed patients’ abilities to perform everyday tasks such as dressing, bathing, 
money management, home care, and eating, ranging from 0 to 2 [54].

4.3.3 Impact of Technology Mediated Interventions on QoL
The findings of the impact of technology-mediated interventions on QoL were inconsistent in this 
review and they have been classified into three categories: positive, negative, and neutral. Four 
studies with a positive impact [33, 34, 37, 41], one study with a negative impact [42], and five studies 
with a neutral impact [35, 36, 38–40] for technology-mediated interventions on QoL were ident-
ified.

Positive (n=4); 2 eHealth and 2 telehealth
Four studies showed a positive impact of technology-mediated interventions on QoL. The types of 
technology-mediated interventions were eHealth (computer-based system [33] and Internet-based 
program [37]) and telehealth (phone calls) [34, 41]. A study using a computer-based system showed 
significantly higher QoL in several dimensions including social support and cognitive functioning 
[33]. Also, significant improvements by Internet-based program intervention group participants be-
tween baseline and follow-up were found for physical health and symptoms,; body change, social re-
lationships, intimate relationships, stigma, emotional distress, and health concerns [37]. In the 
phone calls intervention group, there was a significant increase in QoL in the domains of physical, 
psychological, social and environmental (15.3%; 18.4%; 18.5%; 25.6%), while there was a slight in-
crease in social and environmental domains in the control group (1.6%; 1.8%) [41]. Also, in the 
group of treatment-naive patients, significant improvements in QoL among patients with the phone 
calls intervention compared to those without the intervention were observed in four QoL domains – 
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physical well-being, level of independence, environment and spiritual/religion/personal beliefs–, but 
there were no differences among the treatment-experienced patients [34].

Negative (n=1); mHealth
One study that used a programmable mobile device intervention showed the opposite results of the 
impact of technology-mediated interventions on QoL [42]. The QoL score decreased in the inter-
vention group, while the QoL score was increased in the control group.

Neutral (n=5); 2 telehealth, 1 eHealth, 1 eHealth+telehealth and 1 mHealth
Two studies of telehealth using telemedicine [35] and phone calls [40] showed no difference in QoL 
scores between technology-mediated intervention and the control groups. Also, in three more 
studies using, eHealth (HIE) [38], eHealth plus telehealth (web-based decision support system with 
telephone-based monitoring) [39], and mHealth (text messaging) [36], there were no differences in 
QoL in the technology-mediated intervention group.

4.3.4 Type of endpoints of QoL
A clinical trial endpoint (or outcome) is defined as a measure that allows researchers to decide 
whether the null hypothesis of a clinical trial should be accepted or rejected. The endpoints are clas-
sified as primary and secondary [55]. In four studies [36, 39, 40, 42], QoL was a secondary endpoint 
for evaluating the impact of technology-mediated interventions and the impact of technology-me-
diated interventions was identified as negative or neutral. In the other six studies considering QoL as 
a primary outcome, QoL was measured, along with multiple outcomes or ART adherence.

4.3.5 Study Quality
The results of the assessment of study quality using CCRBT are reported in ▶ Figure 2, and the 
Cochrane risk of bias summary is reported in ▶ Figure 3. Overall, four studies [34, 36, 37, 39] had a 
low risk of bias, one study study [40] had a moderate risk of bias, and the other five studies [33, 35, 
38, 41, 42] had a high risk of bias.

5. Discussion
This systematic review identified four types of technology-mediated interventions and two types of 
QoL instruments used to examine the impact of technology-mediated interventions on QoL in 
HIV/AIDS care. Four studies of technology-mediated interventions resulted in improvement in 
QoL. Four of the 10 eligible studies considered QoL as a secondary outcome and reported the 
negative or neutral impacts of technology-mediated interventions on QoL.

We included a total of 10 studies that met the criteria. There were three studies identified that in-
cluded QoL measures as an assessment tool [24, 25], included QoL only at baseline [56], or included 
but not reported QoL results [57] and therefore were not included in this review. Swendeman et al. 
used a QoL scale as an assessment tool within the application of a technology-mediated intervention 
for supporting self-monitoring; however, QoL was not measured as an outcome [24, 25]. We also ex-
cluded a study using cell phone-delivered interventions for smokers living with HIV/AIDS since 
they assessed QoL only at baseline [56]. Lastly, a multi-site RCT of HIV-infected adults was con-
ducted in Kenya to evaluate the effect of a mobile phone SMS. The primary outcomes included self-
reported adherence to ART and suppression of HIV viral load at 12 months scheduled follow-up, 
and secondary outcomes included improvements in health, QoL, social and economic factors, and 
retention on ART [57]. Although QoL was presented as being measured, the result of QoL was not 
reported and therefore the study was excluded from this review. There was also a study using 
mHealth, particularly Medication Event Monitoring System Cap (MEMS Cap) [58]; however, it was 
used in both groups of a voucher-based intervention and control then the study was excluded from 
this review. Although there were few studies included in this review, we did identify two published 
study protocols that include QoL as an outcome. A study protocol for WelTel Retain aims to evaluate 
the effect of weekly SMS communication (WelTel) on retaining pre-ART patients in care, and this 
study determines the cost-effectiveness of the intervention [59]. The primary outcome will be 
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12-month retention in care and key secondary outcomes will be retention in stage 1 HIV care and 
incremental cost-effectiveness ratio. QoL will be measured as an additional secondary outcome. An-
other protocol outlines a study to investigate whether a text messaging intervention, called Con-
nect4Care (C4C), that supports healthy behaviors, encourages consistent engagement with care, and 
promotes antiretroviral persistence, can improve viral suppression (primary outcome) and retention 
in care (key secondary outcome) among patients in San Francisco [60]. Similarly, QoL will be 
measured as one of multiple secondary outcomes. While these protocols were excluded in this re-
view, they are described here since they will have future QoL outcomes for technology-mediated in-
terventions in RCTs.

Six studies had either a moderate or high risk of bias in the overall assessment of quality. As 
CCRBT is a tool designed to evaluate the risk of bias in RCTs, the overall quality assessment grades 
are heavily weighted on the judgements assigned to the first three domains of random sequence gen-
eration, allocation concealment and blinding. The domain of blinding, in particular, showed an un-
clear or high risk of bias in the included studies. Blinding refers to the process by which study par-
ticipants, health providers and investigators are kept unaware of intervention allocations after inclu-
sion of participants into the study [56]. Lack of blinding of participants or health providers could 
bias the results by affecting the actual outcomes of the participants in the trial. The lack of blinding 
in RCTs has been shown to be associated with more exaggerated estimated intervention effects, by 
9% on average, measured as odds ratio [61]. Due to the nature of the interventions, it is not always 
possible for patients to be blinded with regard to group allocation. However, some studies used 
blinding of the outcome assessors to patient allocation. For example, trained interviewers and data 
analyst were blinded to group allocation of patients, who were only identified by their phone 
numbers and their sequential trial numbers.

Out of the 10 reviewed studies, four revealed that technology-mediated interventions improved 
QoL for PLWH [33, 34, 37, 41]. The types of technology-mediated interventions showing the posi-
tive impacts on QoL were eHealth and telehealth interventions. The two telehealth interventions 
were the same as phone calls interventions. In one study, the improvement of QoL was supported via 
phone calls intervention combined with home visits among heroin-experienced users [41]. Previous 
studies of QoL in HIV-infected populations showed that current drug use was associated with lower 
mental health and Qo [5, 16, 17]. Although the study sample included some active drug users [41], 
the positive effect of phone calls intervention on QoL were demonstrated. However, the effect of the 
phone calls intervention should be identified separately since nurses’ home visits could affect the 
QoL of PLWH as well. Another intervention with phone calls supported a better QoL among treat-
ment-naive patients, but no changes among treatment-experienced patients [34]. This was not con-
sistent with the other study assessing the impact of the phone-call-based intervention for 160 weeks 
[40]. Among HIV patients starting ART, there were no significant changes in QoL reported and 
therefore it is hard to conclude that the phone-call-based intervention can lead to better QoL for 
PLWH. Out of three eHealth interventions included in our review, two studies showed the positive 
impacts of technology-mediated interventions on QoL. The specific types of eHealth interventions 
were a computer-based system and an Internet-based program. The computer-based system, 
CHESS, included 6 different topics of HIV/AIDS, breast cancer, acquaintance rape, academic failure, 
alcoholics, and stress management. However, only the HIV/AIDS module was evaluated in the study 
[33]. CHESS transmitted data via modem to a central host computer. Considering the study publi-
cation year of 1994, the trend of eHealth interventions might have changed from a computer-based 
system via modem to an online program via Internet [37].

In contrast to the positive effect of technology-mediated interventions on QoL, a programmable 
mobile device providing a verbal medication reminder, namely DMAS, resulted in deterioration of 
the patient’s QoL [42]. As the authors posited, this might be due to a violation of the patient’s privacy 
by the reminder [34, 42]. In five of the 10 reviewed studies, the impact of technology-mediated in-
terventions was identified as neutral, of which two types of technology-mediated interventions were 
categorized into telehealth (telemedicine [35] and phone calls [40]), eHealth (HIE) [38], eHealth 
plus telehealth (web-based decision support system with telephone-based monitoring) [39], and 
mHealth (text messaging) [36]. mHealth studies have demonstrated the potential of delivering 
health behavior change interventions, and the mHealth interventions have been expected to further 
improve QoL [62]; however, the impact of two mHealth interventions on PLWH’s QoL in this re-
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view was shown as negative or neutral. It is essential to further investigate the effectiveness on QoL 
in mHealth research.

In summary, the findings from this review do not provide conclusive evidence on which technol-
ogy-mediated intervention is most effective since the findings across studies are inconsistent. As the 
evidence grows we may be able to determine what type of technology-mediated interventions most 
impacts QoL in PLWH. Although telehealth, particularly phone calls interventions, seem to be 
relatively acceptable and effective in improving QoL for PLWH, fewer studies have examined the 
overall impact of technology-mediated interventions on QoL in HIV/AIDS care. The effectiveness 
of technology-mediated interventions using telephones on QoL in other chronic diseases has been 
demonstrated. For instance, one trial reported improved QoL for patients with chronic heart failure 
receiving a mobile phone-based telemonitoring intervention [63]. Also, QoL was significantly im-
proved among patients with chronic disease who underwent a telephone-based programme to ad-
just medication [21]. As HIV/AIDS is a chronic disease, it might be more feasible to demonstrate the 
impact of technology-mediated interventions on QoL for PLWH in future research.

In addition, a variety of QoL instruments are currently being used for PLWH. Based on the analy-
sis, we classified the QoL instruments as generic and HIV-specific. They were validated instruments 
and recommended over structured interviews except one not clearly described [33]. Each study used 
a different QoL instrument and the instrument was described in detail including domains/subscales 
in the section of Results. To measure QoL related to technology-mediated interventions in HIV/
AIDS care, generic QoL instruments were more commonly used, compared to HIV-specific instru-
ments. A generic instrument allows for comparability between PLWH, other diseases and cancers, 
and the general population, as normative data exist for many countries [22]. As generic instruments 
may not be very sensitive in detecting effects that are associated with specific diseases, the combi-
nation of a generic and specific health-related QoL instrument is most informative [23]. Future 
study of technology-mediated interventions should include patient-reported outcomes such as QoL 
with a validated instrument for PLWH so that patients can be informed of the impact in these do-
mains.

Finally, in four studies describing QoL as a part of secondary outcomes, the impact of technol-
ogy-mediated interventions was identified as negative or neutral. In a study assessing QoL as a part 
of secondary outcomes [36], details were not described clearly. The resulting mean QoL score was 
presented in a table. Primary endpoints measure outcomes that will answer the primary (most im-
portant) question, and sample size power calculations are performed based on the primary outcome 
of the study in RCTs [64]. Given that HIV is a chronic disease with accompanying potential adverse 
effects, QoL is valuable enough as a primary outcome in PLWH. There was no study that clearly de-
fined QoL or the aspects of QoL. It might also be relevant to evaluate QoL as one of secondary out-
comes. It is important to specify QoL and its aspect through the use of International Classification of 
Functioning Disability and Health (ICF) [65] as a conceptual framework while planning a study on 
the impact of technology-mediated interventions on QoL for PLWH. This would help to more con-
sistently define/measure QoL across studies.

Limitations
There were several limitations that should be considered when interpreting the findings of this re-
views. First, the number of eligible studies was quite small. There were a few study protocols in the 
literature that were not included in our review, which indicates that the studies might be ongoing. 
An additional limitation is the possibility that relevant studies may have been missed, particularly in 
the grey literature. There may be unpublished material, which could change the findings, if we had 
access to this data. Considering the limited number of studies, the varied outcome measurement 
across studies, and methodological quality of the suggested studies, the results were not amenable to 
statistical solutions. Lastly, while we appreciate QoL comprises various constructs such as daily ac-
tivities, psychological well-being, or social interaction, our study was limited to studies with a QoL 
measure as to allow for consistency and ability to compare of outcomes.
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6. Conclusions
Technology-mediated interventions have been considered an effective tool in improved clinical out-
comes in HIV/AIDS care. QoL has been recognized as an important outcome for PLWH, yet the 
evidence to support the improvement of QoL using technology-mediated interventions is insuffi-
cient. This lack of research highlights the need for increased use of QoL as an outcome measure and 
more consistency in measurements to better understand the role of technology-mediated interven-
tions in improving QoL. Future studies of technology-mediated interventions should include QoL 
with a validated instrument for PLWH. Future studies should also include the combination of a gen-
eric and HIV-specific QoL instrument, as this is considered most informative.

Multiple Choice Question
Which of the following is not included in technology-mediated interventions?
A) Telemedicine
B) Decision support system
C) Voucher reinforcement
D) Programmable mobile device

– Answer: C. Voucher reinforcement 

Technology-mediated interventions refers to utilize a various types of technologies as an interven-
tion including eHealth, telehealth, and mHealth. A Voucher reinforcement intervention does not de-
scribe the use of technology.

Clinical Relevance Statement
Although technology-mediated interventions have been considered an effective tool in HIV/AIDS 
care, and quality of life has been recognized as an important outcome for persons living with HIV, 
the impact of technology-mediated interventions on quality of life still remains unclear. This review 
has implications for future research evaluating the effectiveness of technology-mediated interven-
tions on quality of life as a primary outcome using a validated instrument in persons living with 
HIV.
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Fig. 1 Summary of the literature search
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Fig. 2 Quality Assessment: Cochrane Collaboration Risk of Bias Tool (CCRBT)(18)

Fig. 3  
Summary of Cochrane Collabor-
ation Risk of Bias Tool (CCRBT)(18)
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Table 2 Summary of Technology-Mediated Interventions used in eligible studies

Study

Gustaf-
son, 1994

Huang, 
2013

Leon, 
2011

Mbuag-
baw, 
2012

Millard, 
2015

Proes-
chold-
Bell, 2010

Pyne, 
2011

Robbins, 
2013

Wang, 
2010

Wu, 2006

Type of 
Technology-
 Mediated In-
terventions

eHealth

telehealth

telehealth

mHealth

eHealth

eHealth

eHealth+tele-
health

telehealth

telehealth

mHealth

Technology-
Mediated 
 Interventio
ns used

Computer-
based system

Phone calls

Telemedicine

Text messaging

Internet-based 
program

Health Infor-
mation Ex-
change

Web-based 
decision sup-
port system + 
telephone-
based monitor-
ing

Phone calls

Phone calls

Programmable 
mobile device

Description

CHESS (Comprehensive Health Enhancement Support System) offered information, so-
cial and emotional support, and problem-solving tools for people in health crises (in 
HIV/AIDS in this study). Features included: questions and answers, instant library, ask 
an expert, getting help/support, discussion group, personal stories, assessment, deci-
sion analysis, and action plan.System was installed on personal computers in subjects’ 
homes. Communications transmitted via modem to central host computer.

Combination of reminder, information dissemination, and communication with health 
workers through a biweekly 3-minute phone call service

Virtual Hospital (Multidisciplinary Home Care Telemedicine System): Virtual Consul-
tations, Telepharmacy, Virtual Library and Virtual Community. Virtual consultations had 
two levels: consultations conducted via videoconferencing and chat sessions or mess-
age exchanges for emergency or off-schedule consultations. Telepharmacy allowed 
the pharmacist to receive electronic prescriptions, to perform virtual consultations 
about compliance, adverse events, or interactions, and to send the ART medication to 
the patient’s home by courier. Virtual library stored validated information about HIV as 
links to other web pages. Virtual community provided space to exchange information 
about the disease and the project, as well as to share opinions or comment on articles 
and news items.

Cameroon mobile phone SMS (CAMPS): a weekly standardized motivational text 
message for adherence to ART

Positive Outlook:Online self-management program consisting of a series of informa-
tion modules, goal-setting and action-planning activities and discussion boards, and is 
delivered as a peer-facilitated closed group

Exchanged patient information between care providers among six infectious disease 
clinics paired with 9 case management agencies using electronic health records and 
printouts inserted into charts: 1) by care providers in clinical settings, patients’ CD4 
counts, viral loads, current medication lists and appointment attendance 2) by care 
providers in case management agencies, medication adherence and major life 
changes for the patients (e.g., loss of housing) 

HIV Translating Initiatives for Depression Into Effective Solutions (HITIDES): an offsite 
HIV depression care team (a registered nurse depression care manager, pharmacist, 
and psychiatrist) delivered collaborative care backed by a Web-based decision support 
system plus telephone-based monitoring every 2 or 4 weeks.The team communicated 
with treating clinicians via electronic medical record progress notes, and communi-
cated with patients via telephoneHITIDES components – participant education and ac-
tivation, assessment of treatment barriers and possible resolutions, depression symp-
tom and treatment monitoring, substance abuse monitoring, and instruction in self-
management 

A site-nurse initiated adherence and symptom support telephone calls:initial tele-
phone call was made 1 to 3 days after starting ART, and then on weeks 1, 2, 3, 6, 10, 
14, 18, 22, 26, and every 8 weeks thereafter.The same telephone script was used for 
all calls; nurses adapted the calls depending on the patients’ adherence issues and 
symptoms.

Phone calls intervention with nurse-delivered home visit (10–20 minutes to an hour)

Disease Management Assistance System (DMAS): a programmable medication rem-
inder device that verbally reminds patients to take medication when due and elec-
tronically records doses self-administered
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Table 3 Summary of Quality of Life instruments used in eligible studies

Study

Gustaf-
son, 1994

Huang, 
2013

Leon, 
2011

Mbuag-
baw, 
2012

Millard, 
2015

Proes-
chold-
Bell, 2010

Pyne, 
2011

Robbins, 
2013

Instrument

Not reported

WHOQOL-HIV
BREF 

Mini International 
Neuropsychiatric 
Interview (MINI)

Short Form-12 
(SF-12)

Patient Reported 
OutcomesQuality 
of Life – HIV 
 (PROQOL-HIV)

Short Form-36 
(SF-36)

Quality of Well-
Being Self-admin-
istered Scale 
 (QWB-SA)

AIDS Clinical 
TrialsGroup 
(ACTG) Multidi-
mensional Health 
Status and the 
Quality of Life 
(QL0601–0602) 

Type

Generic

HIV-spe-
cific

Generic

Generic

HIV-spe-
cific

Generic

Generic

HIV-spe-
cific

Description (domains/subscales/items/scores)

Eight dimensions:
social support, cognitive functioning, active life, active participating in health 
care, negative emotions, depression, physical functioning, and level of energy
Average quality of life score compared

Six domains and 29 items:
1) 4 items physical well-being;
2) 5 items psychological status;
3) 4 items level of independence;
4) 4 items social relationships;
5) 8 items environment;
6) 4 items spirituality/religion/personal beliefs
Score range from 4–20, high score indicates better QoL

Five domains
 mental and physical health, cognitive and social functioning, energy levels and 
vitality, perceived social support, sleep and sexuality
130 questions with only “yes” or “no” answers
Score range from 1–100, high score indicates better QoL

Two composite and 12 items:
physical health and mental health composite scores ranging from 0–100, 
where a zero score indicates the lowest level of health measured by the scales 
and 100 indicates the highest level of health

Eight domains:
1) physical health and symptoms;
2) body change;
3) social relationships;
4) intimate relationships;
5) stigma;
6) emotional distress;
7) health concerns, and
8) treatment impact

Medical Outcomes Study Short Form-36
36 items
Two composite:
physical component summary and the mental component summary
8 subscales:
physical functioning, role functioning (physical and emotional), bodily pain, 
general health, vitality, social functioning, and mental health
Ranging from 0–100, with 100 indicating better health

Four domains:
physical activities, social activities, mobility, and symptom/problem complexes 
(no description in the study)
The QWB-SA score is derived from general population preference weights and 
ranges from death (0.0) to perfect health (1.0), combined the four domain 
scores into a total score

The ACTG QL0601–0602:
QL0601  Overall Health Status Assessment
QL0602  Multidimensional Health Status Assessment
Nine domains with 21 items:
overall health, general health perceptions, physical functioning, role function-
ing, pain, social functioning, mental health, energy, cognitive functioning
Eight of the 9 subscales are scored as summated rating scales on a 0 – 100 
scale where higher scores indicate better health
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Table 3 Continued

Study

Wang, 
2010

Wu, 2006

Instrument

WHOQOL-BREF 
(Chinese versions)

Medical Out-
comes Study HIV 
Health Survey 
(MOS-HIV)

Type

Generic

HIV-spe-
cific

Description (domains/subscales/items/scores)

26-item multiple-choice questionnaire (ranging from 4–20)
1) 1 item for general QoL and 1 item for health-related QoL
2) 24 items belonging to four domains: 7 items physical, 6 items psychological, 
3 items social and 8 items environmental

QoL Scales including the MOS-HIV with the Centers for Epidemiologic Studies 
Depression Scale (CES-D), Instrumental Activities of Daily Living (IADLs), and 
additional role-functioning items
MOS-HIV:
10 dimensions of health-related QoL:
pain, physical function, role function, social function, mental health, energy/fa-
tigue, health distress, cognitive function, health perception, and overall QoL, 
ranging from 0 indicating the lowest possible score (poorest health) to 100 in-
dicating the highest possible score (best health)
CES-D:
20 items of guilt and loneliness, appetite, sleep, psychomotor problems, mood, 
and depressive symptoms, using a four-point scale that ranges from 0 (rarely 
or none of the time) to 3 (most or all of the time)
IADLs:
15 items assessed patients’ abilities to perform everyday tasks such as dress-
ing, bathing, money management, home care, and eating, ranging from 0 (yes, 
without help) to 2 (no, unable to do).
Additional role function items: 4 items from the SF-36
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