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Abstract Objective Adherence to antiretroviral therapy (ART) is paramount to successful long-
term suppression of human immunodeficiency virus (HIV). For poorly adherent
patients with HIV, barriers to remaining adherent may be overcome by the imple-
mentation of targeted interventions delivered via mobile devices. This systematic
review is focused specifically on mobile phone technologies to deliver adherence
interventions in HIV/acquired immunodeficiency syndrome (AIDS) populations.
Methods This review (PROSPERO #CRD42017065131) systematically extracted data
from published literature from five databases on mobile phone interventions to
improve adherence to ART for HIV. The reported studies had been conducted between
2007 and 2017. Risk of bias was assessed using the Cochrane method ranking each
criterion as low, high, or unclear risk of bias.
Results Of the 835 articles returned, we identified 26 randomized controlled trials
(RCTs), retrospective and prospective cohort trials, or mixed method studies with a
comparison group that fit criteria for inclusion. No standard measure of adherence was
consistent throughout the examined studies, and assessments by self-report, pill
counting, and medication event monitoring system (MEMS) were utilized. The studies
reported mixed results, with 17 reporting significant improvements to adherence, 3
reporting improvements without supplying p-values, and 6 reporting no significant
change or a reduction in adherence.
Conclusion The mixed nature of the results exemplifies the need for more compre-
hensive approaches and larger scale trials to confirm results observed in limited cohort
sizes. To better retain satisfactory adherence within the HIV population, and especially
in low-resource settings, we recommend that future interventions incorporatemultiple
strategies: mobile-based reminders, social support structures, and personalized
content.
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Background and Significance

A key concern for optimizing treatment of human immuno-
deficiency virus (HIV) is the adherence to antiretroviral
therapy (ART). This paper presents a systematic review of
mobile phone technologies to improve HIV medication
adherence. There were an estimated 36.7 million people
living with HIV (PLWHIV) worldwide in 2015.1 The impact
of HIV/acquired immunodeficiency virus (AIDS) has been
particularly hard on countries with limited resources. ART
can help people with HIV infection to live longer, healthier
lives, but adherence to treatment can be challenging, espe-
cially in low-resource settings.

Non-adherence to HIV/AIDS treatment is a significant
public health issue.2 Patients who remain adherent to ART
are significantly less likely to transmit an infection to sexual
partners;3 however, the population affected by HIV/AIDS
demonstrates a lack of knowledge about the disease, treat-
ment approaches and the importance of strict adherence.4

Various HIV programs have noted the importance of improv-
ing adherence to attain better outcomes.5–8

Mobile phone technologies have the potential to promote
adherence in these patients. Wireless telecommunications
networks have spread rapidly worldwide, and sending text
messages on wireless mobile telephones has become an
extremely popular means of communication.5 Mobile phone
text messaging, also called short messaging service (SMS),
has been explored as an approach to enhancing patient
adherence to ART regimens.

Recent systematic reviews have focused on mobile health
(mHealth) and adherence not specific to HIV;9,10 mHealth in
low-resource settings, but not specific to HIV adherence;11–13

HIV adherence in low-resource settings, but not with
mHealth;14 treatment for HIV but not specifically adher-
ence;15,16 and mHealth and disease management.17,18 Two
earlier review studies examined ART adherence, but were not
focusedonmobile technologies.19,20Other systematic reviews
have focused on adolescent and young adult populations using
mHealth interventions for adherence, which have seen HIV
diagnoses growing at a disproportionately high rate.21–23 A
review5 in 2012 analyzed two randomized control trials (RCT)
using mobile phones for HIV adherence, but there have been
many studies since then. This paper presents a comprehensive
review focused onmobile textmessaging to deliver adherence
interventions in HIV/AIDS populations.

Objective

Our research focus was to determine whether using mobile
phone text-based reminder systems are efficacious in enhan-
cing adherence to ART in patients with HIV infection.

Methods

Search Strategy
We conducted a systematic review following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for reporting systematic reviews and

the Cochrane review standards for classification of quality
assessment and data extraction.24 Systematic computerized
literature searches were performed in PubMed/MEDLINE
(NCBI), Embase (Elsevier), Cumulative Index to Nursing
and Allied Health Literature-CINAHL (EBSCO), Cochrane
Central Register of Controlled Clinical Trials (EBSCO), and
Web of Science (Thomson Reuters). The search was designed
to identify studies that evaluated the effectiveness of mobile
phone technologies for enhancing adherence to ART in
PLWHIV. Controlled vocabulary terms were included when
available. No date or language limits were applied, but
meeting abstracts were excluded when possible. We exam-
ined the bibliographies of relevant studies for additional
material. Neither study authors were contacted nor were
gray literature sources examined. The literature search was
completed onDecember 12, 2017. The search terms are listed
in ►Appendix A.

Study Selection and Eligibility Criteria
Three of this study’s authors (Y.Q., D.F., and E.A.G.M.) inde-
pendently screened and reviewed the titles and abstracts of
each article identified by the search. The authors were
unblinded because blinding has little effect on systematic
review results.25 The authors used inclusion and exclusion
criteria to assess the full eligibility of the screened abstracts.
Study date was not a criterion for inclusion or exclusion. Only
peer-reviewed journal articles written in English were
included in the review. Selection of English-only articles was
decided because of our language limitations. Additional inclu-
sion criteria were as follows: any experimental or observa-
tional intervention evaluations with a control group or single
cohort group with a before and after comparison, where the
intervention was delivered digitally, not by voice alone, via
mobile phone, or smart phone in any setting. The types of
evaluations included were as follows: retrospective cohort
study, prospective cohort study, randomized controlled trial
(RCT), cohort study, mixed retrospective/prospective cohort
study, or before-and-after study. The exclusion criteria were
applied in the order shown in ►Fig. 1. Any study selection
disputes were settled by a consensus of the authors.

Extraction and Analysis of the Data
Two blinded authors (D.F. and E.A.G.M.) independently con-
ducted the quality assessment and data extraction. The
Covidence (http://www.covidence.org) screening and data
extraction tool for authors were used. The quality assess-
ment was conducted based on the recommendations of the
Cochrane Risk of Bias Comparison: sequence generation,
allocation concealment, blinding of participants, blinding
of outcome assessors, incomplete outcome data, selective
outcome, and other sources of bias. The following data were
extracted: study identification, methods, population, inter-
vention, and outcome variables. p-Values <0.05 were con-
sidered significant. Disagreements between the two blinded
authors (D.F. and E.A.G.M.) were adjudicated by a third
author (Y.Q.), who was not involved in the data extraction.
Four authors (C.S., Y.Q., D.F., and E.A.G.M.) reviewed the
results and participated in the analysis and write-up.
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Results

After examining the search results for inclusion and exclusion
criteria, described in ►Fig. 1, 26 articles for the qualitative
synthesis remained: one short report,26 and 25 peer-reviewed
journal articles.8,27–50Of these 26 studies, 23 studies used SMS
alone for reminders, and 3 used SMS plus counseling as noted
in►Table 1. Six reportswere fromtheUnited States;35–37,42–44

three each fromKenya8,31,40 and South Africa;28,39,48 two each
fromUganda,38,45China,34,47andCameroon;30,41andoneeach
from Italy,26 Brazil,29Nigeria,32NewZealand,27 India,33Argen-
tina,46 Canada,49 andMalaysia.50 The types of studies included
19RCTs,8,27,29–32,34–36,38,39,41–45,47,50 three prospective cohort
studies,26,37,46 twoambidirectional studies (retrospective/pro-
spective cohort study),28,49 one cluster RCT,40 one quasi-
experimental cohort study,33 and one retrospective cohort.48

The studies had been performed between 2007 and 2015 and
publishedbetween2010and2016(►Table 1). For theRCTs, the
number of participants ranged from 11 to 401 in the control

groups and from 14 to 314 in the intervention groups. The
interventionperiodplus follow-uprangedfrom1to24months,
with a median of 10 months (quartiles 5–12). The primary
outcomes addressed in the studies included one ART usage
among study participants,40 one adherencemeasured through
prescription refills,48 two viral load adherences,37,46 six adher-
encesover time,31,33,34,38,39,43and16self-reportedadherences
(►Table 2).8,26–30,32,35,36,41,42,44,45,47,49,50 Adherence inter-
ventions were measured as self-report, ART usage, adherence
over timeusingamedicationeventmonitoring system(MEMS)
or anelectronic adherencemonitoringdevice, such asWisepill,
pharmacy refills, pill count, and clinical outcomes (viral load,
HIV-ribonucleic acid [RNA] suppression, and cluster of differ-
entiation 4 [CD4] count). Additionally, a summary of the out-
come data, adherence assessment, metrics, relative effect (risk
and odds ratios [OR]), and a measure of precision (95% con-
fidence interval [CI]) for each study are shown in ►Table 2.
Details on the types and levels of bias inherent in the individual
studies are summarized in ►Fig. 2.

Fig. 1 PRISMA flow chart of study selection.24 AIDS, acquired immunodeficiency virus; HIV, human immunodeficiency virus; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.
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The Cochrane method was used to evaluate bias and is
summarized in ►Fig. 2. Most of the studies we reviewed fall
under the high-risk category for performance bias. For proto-
cols that call for large numbers of subjects, it may not be
economically feasible to supply each study participant with a
mobile phone to ensure proper blinding. The alternative—
either using a subject’s phone or providing phones only to the
interventional cohort—introduces the risk of performance
bias. Nine of the 19 RCTs were deemed to be at low risk for
detection bias, 4 at high risk, and 6 at unclear risk. All the
studies were deemed to be at low risk for attrition bias, with
two exceptions. Two studies—oneby Evans et al28 and another
by Lewis et al37—had a high risk of reporting bias because of
missingdata, but in the Evans et al study, the authors noted the
missingdata and addressed the issueby including a sensitivity
analysis. Amajor factor in determining the risk of bias was the
inadequate reasoning formissing datawith lowattrition rates.
Similarly, reporting biaswas lowacross all studies,with all but
one RCT deemed as low risk. One prospective cohort trial was
evaluated as high risk and one as unclear. We determined a
high risk of bias in one study due to non-reporting of HIV
laboratory data,43 which were not consistently gathered.

Four studies contained other potential sources of bias.
One study noted that 37% of screened participants were
excluded because of lack of mobile phone access.38 We
determined that this met the criteria for a high risk of bias
owing to the study design and problems with the recruit-
ment of participants with mobile phone access. Another
study was evaluated as having a high risk of bias due to
the lack of information listed regarding sources of funding or
conflicts of interest.43 Two studies48,49 declared authors
with a material interest in the development of adherence
promoting tools or procedures.

Small sample sizes and missed recruitment goals were
other concerning issues in some studies. Recruitment ranged
from 28 to 715 subjects, and only 11 (55%) studies had more
than 100 enrolled. Two studies had low recruitment num-
bers—28 and 29—limiting the generalizability of the
reported results.27,29 Additionally, although 200 patients
were recruited, the sample size was insufficient to ade-
quately statistically power the study.41 The study by Lewis
et al had limited enrollment criteria because of a second,
concurrently running study at the same site.37

Nineteen studies reported statistically significant adherence
outcomes (►Table 2). One study found that text messages
significantly increased theproportion of those achieving adher-
ence (76.9% versus 55.8%, p ¼ 0.02).32 Another reported that
even though adherence increased significantly with weekly
reminders, daily SMS reminders did not have a significantly
different effect on study subjects versus the control group,
which the authors attributed to the possibility of habituation.31

One study showed that increased adherence, from 85% to 91%,
had been maintained 6 months after the intervention was
discontinued (p ¼ 0.016).33 One study using real-time remin-
ders significantly improved adherence.34 Another study con-
cluded that mobile phone SMS interventionsmight be effective
tools for improving patient outcomes in resource-limited set-
tings.8Onestudy foundahigherproportionofadherentsubjectsTa
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through the use of pill counting and MEMS methods.28 An
additional study estimated that the average effect over the
6-month intervention period was significant for �90% adher-
ence (OR ¼ 2.12, 95% CI 1.01–4.45, p < 0.05) and was main-
tained at 12months.35One study showed significant adherence
when it was measured by MEMS (mean difference � standard
deviation [SD]: 33.4 � 9.1, p ¼ 0.002) and composite adher-
ence score (27.1 � 9.2, p ¼ 0.009).36 In contrast, significance
was not attained while assessing adherence measured by pill
count (13.7 � 9.1, p ¼ 0.153) or self-report (20.2 � 10.3,
p ¼ 0.069). One study showed that SMS improved adherence
and that the key constraints affecting adherence to antiretro-
viral medication can be addressed by using SMS.30 Another
study showed that greater usage of the extra components of an
augmented phone application was associated with a greater
perceived understanding of HIV infection and increased per-
ceived necessity for ART.27 In addition to significant adherence
improvement, some authors reported improvement in clinical
outcomes. One study observed a significant reduction in viral
load,37 and in another study, the proportion of subjects with
undetectable viral load increased.26 One study reported that
scheduled SMS reminders significantly improved adherence in
the context of real-time monitoring (p ¼ 0.02), and HIV RNA
suppression was seen, although it was not statistically signifi-
cant (p ¼ 0.14).38

The remaining seven studies described non-significant
outcomes (►Table 2). Six yielded no significant difference in
adherence over the course of their studies.39–42,45,46 One
study observed that in patients with an elevated viral load on
a second-line ART, electronic adherence monitoring was
associated with a modest, but not significant, improvement
in viral suppression.28 Those authors concluded that adher-
ence strategies increase the durability of second-line ART,
decrease the need for costly third-line regimens, and prevent
unnecessary genotyping tests.

Discussion

Our review shows that using mobile phone text-based
reminder systems are efficacious in enhancing adherence
to ART in patients with HIV infection in a wide variety of

global settings. Of the 23 studies that used textmessaging, 21
had positive outcomes, and of the 3 studies that used text-
messaging with counseling, all 3 had positive outcomes.
While a majority of studies had positive outcomes, the
sample sizes will need to be larger to evaluate effect size
and variations in delivery methods. All the studies contrib-
uted to a better understanding of how to deliver these
interventions via mobile devices.

Several studies showed that wireless devices could pro-
vide real-timebehavior data28,34,38 that allowmessages to be
tailored to the patient and promote faster behavior correc-
tion. Four studies monitored the patients’ ART adherence
electronically in real time by providing themwith a medica-
tion dispenser device.28,34,38,39 Three of those studies would
trigger an SMS reminder if the monitoring device were not
activated within 30 minutes to 2 hours of a scheduled
dose.34,38,39 One study achieved high outcomes (optimal
adherence �95%) and showed this technology to be feasible
and acceptable in China, with reliable monitoring of adher-
ence over time.34 Combined, these findings suggest that
wireless technologies can be an aid to adherence programs.

Three studies combined the strategies of adherence coun-
seling and text-message reminders. The first evaluated the
differences between the lengths of ‘short’ and ‘long’ mes-
sages and the difference in daily and weekly frequencies.31

The second used a similar strategy, sending up to four text
messages to those in the intervention cohort regarding
whether a medication was taken, the subject’s mood, and
if any substance use had taken place.43 The third, in Nigeria,
evaluated subjects receiving adherence counseling monthly
for 4months in addition to receiving adherence text-message
reminders.32 Text messages were crafted to address beha-
vioral barriers and adherence support and to serve as a
reminder to continue the ART. All three reported positive
outcomes as increases in adherence in the intervention
cohorts. The optimal frequency of reminders is debatable,
as two of the studies sent messages daily,31,43while the third
called for reminders twice a week on weekdays only.32 The
results were mixed, with one study finding no difference
between the control group and those who received daily
messages,31 while the other study found clinically relevant

Fig. 2 Types and levels of bias inherent in the individual studies.
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differences.43 This difference could be explained by the
bidirectional nature of the intervention,which could account
for increased subject participation and engagement. Subjects
receiving daily texts may become accustomed to the content
of the messages, thus diminishing the effect through habi-
tuation. In studies with combined strategies, it may be
impossible to distinguish the isolated effect of the SMS
intervention alone, and for future work, examining the
efficacy of mobile reminders, the research methodology of
combined interventions should be tailored to differentiate
the effects via multiple cohorts.

Studies that includedbothadherence and clinical outcomes
could provide a more comprehensive view of their outcomes
than those that relied on self-report alone. One study that had
both self-report and clinical outcomes found that self-reported
ART adherence was >95% of prescribed doses in the past
30 days at both 6- and 12-month follow-up visits, and plasma
HIV-1 viral RNA load suppression was <400 copies/mL at
12months.8 In all, 11 studies collected self-reports in addition
to clinical metrics.8,26–28,32,34,35,37–39,42

Several studies used self-adherence reporting to measure
adherence without clinical measures. Six of the studies
reviewed had ‘self-reported adherence’ as the primary out-
come measure, and lacked any clinical measure.29–32,44

While patient-reported non-adherence has been found to
be an accurate predictor of virologic outcomes,51–53 it is not a
replacement for clinically derivedmeasures such as HIV RNA
viral load. Self-reported adherence is subject to inherent
cognitive bias, such as response bias and recall bias. Subjects
may not recall whether they have taken their medication,
especially in cases of cognitive dysfunction or decline54,55

and may incorrectly report as adherent. Another study
discusses the challenges and discrepancies due to measure-
ment methods.56

Illiteracy is a barrier to ART adherence.42 Of the papers
reviewed, only one had inclusion criteria that clearly
addressed illiteracy and owning or sharing a mobile phone.8

Six studies stated illiteracy and/or inability to read as specific
exclusion criteria, while the remaining authors did not
mention these criteria.8,26,29,30,41,43 Five studies required
the participants to be able to speak, read, andwrite English at
the fourth-grade level.28,35,38,43,44

Inmost resource-limited settings, access to the second-line
treatment is scarce and has a significantly higher cost com-
paredwith thefirst-line therapy, andaccess to third-lineART is
non-existent.19Of the reviewed studies, only one assessed the
effectiveness of an electronic adherence monitoring device
among patients failing the second-line ART, as measured by
viral load suppression (<400 copies/mL).28 The results of this
study are encouraging since patients who re-suppress viral
load at the first follow-up are more likely to remain virally
suppressed.

According to the International Telecommunications
Union,57 in 2016, per 100 peoplemobile cellular subscriptions,
fordeveloping countries hadamobile cellular subscription rate
of 60 and for middle-income countries had a rate of 101. Sub-
Saharan Africa, for example, had a rate of 74. Middle-income
countrieswerefurthersubdivided intouppermiddleand lowerTa
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middle, with rates of 108 and 95, respectively.57 This data
suggest that cell phone health interventions could be scaled to
large numbers of people even in low- and middle-income
countries.

One of the limitations of this review is that our search
included only articles written in English. However, we feel that
the papers in this review represent a global perspective on
these approaches. Additionally, completing a meta-analysis of
the reviewed studies is not possible due to the wide range of
research study designs, and included papers were not all RCTs.
Given thatmany of the publishedworks on this subject are not
RCTs speaks to the continual evolution of the field and is a
reflection that the body of evidence is in development. Future
studies could include more reported data and sensitivity
analysis.

Privacy concerns are an opportunity for an investigation
to understand differences in adherence according to age, sex,
socioeconomic level, and geographical differences. Although
most of the studies we reviewed developed methods for
ensuring the privacy of the text reminders8,31–39,41–44 that
ranged from omitting references to HIV or ART to common
message greetings, there was no examination of whether
privacy concerns affected the viewing of the reminder and
maintenance of adherence.

Based on this review, it appears that studies that combine
multiple delivery methods (SMS and counseling) and measure
both adherence and clinical outcomes showparticular promise
in improving care. FuturemHealthARTstudies should consider
people who access mobile phones via a partner or family
member, include both self-report and clinically measurable
outcomes, evaluate the training for both patients and health
professionals, andpaymore careful attention to randomization
and blinding of participants to reduce possible effects of bias.
The mental health of patients could be part of future study
designs. Interventions should be individualized in real time to
promote faster behavior correction by adjusting the content,
frequency, and length ofmessages. Studies should consider the
use of devices that can track medication pill dispensing. A cost
analysis would be useful for policymakers. The definition of
adherence needs to be more clearly defined and reported to
allow comparison of approaches. Future investigations could
examine the role of personalized messages and cultural differ-
ences in approaches.

Conclusion

This review shows that text message in low-cost cell phones
can be effective for promoting adherence, and this is particu-
larly useful to low- and middle-income countries. While the
majority of studies reviewed had positive outcomes in many
diverse global settings, there needs to be larger scale studies to
evaluate effect sizes. The analysis of potential bias showed that
the main potential source of bias was in the lack of blinding of
participants and personnel. While our search criteria did not
exclude apps, only one study used a mobile app as a supple-
mentary tool.27 All the studies that had text messaging com-
bined with additional support mechanisms had positive
outcomes. There is aneed formore comprehensive approaches

and larger scale trials to confirm results observed in limited
cohort sizes and evaluate the impact of complimentary ser-
vices, such as counseling. The feasibility of such interventions
is increasingly possible evenwithin low-resource settings due
to the expanding prevalence ofmobile phone availability.57 To
better retain satisfactory adherence within the HIV popula-
tion, and especially in low-resource settings, we recommend
that future interventions incorporate multiple strategies:
mobile-based reminders, social support structures, and per-
sonalizedcontent. Furtherworkneeds tobedonetodetermine
the optimal frequency of reminders, content length, and
tailoring to local customs and user preferences.

Clinical Relevance Statement

Phone text-based reminder systems are efficacious in enhan-
cing HIVART adherence.Mobile reminder systems have been
successfully implemented in low-resource settings. Content
and length should be tailored to local customs and user
preferences.

Multiple Choice Question

Which of the following should be considered while tailoring
text messaging-based adherence reminders for patients liv-
ing with HIV/AIDS?

a. Privacy
b. Length of message
c. Local customs and preferences
d. All of the above

Correct Answer: The correct answer is option d, all of the
above.
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Appendix A: PubMed Search Strategy

PubMed
2017–12–11
371 Records
(“HIV Infections”[mesh] OR “Antiretroviral Therapy,

Highly Active”[mesh] OR “Anti-HIV Agents”[mesh] OR
human immunodeficiency virus[tiab] OR immunodeficiency
syndrome[tiab] OR HIV[tiab] OR aids[tiab] OR antiretroviral
[tiab] OR antiretroviral[tiab] OR haart[tiab])

AND
(“Cell Phone”[mesh] OR “Smartphone”[mesh] OR “Mobile

Applications”[mesh] OR cellular phone�[tiab] OR cellular

telephone�[tiab] OR cellular device�[tiab] OR cell pho-
ne�[tiab] OR cellphone�[tiab] OR mobile telephone�[tiab]
OR mobile phone�[tiab] OR smartphone�[tiab] OR smart
phone�[tiab] OR wireless phone�[tiab] OR wireless telepho-
ne�[tiab] OR mobile app�[tiab] OR text messag�[tiab] OR text
reminder�[tiab] OR short message service�[tiab] OR short
messaging service�[tiab] OR short message system[tiab] OR
short messaging system[tiab] OR sms[tiab] OR texting[tiab])

AND
(“Patient Compliance”[mesh] OR compliance[tiab] OR

adherence[tiab] OR noncompliance[tiab] OR nonadherence
[tiab] OR attendance[tiab] OR retention[tiab] OR return to
clinic[tiab])
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