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Abstract

Background: Following the successful scale-up of antiretroviral therapy (ART), the focus is now on ensuring good quality of
life (QoL) and sustained viral suppression in people living with HIV. The access to mobile technology in the most burdened
countries is increasing rapidly, and therefore, mobile health (mHealth) technologies could be leveraged to improve QoL in people
living with HIV. However, data on the impact of mHealth tools on the QoL in people living with HIV are limited to the evaluation
of SMS text messaging; these are infeasible in high-illiteracy settings.

Objective: The primary and secondary outcomes were to determine the impact of interactive voice response (IVR) technology
on Medical Outcomes Study HIV QoL scores and viral suppression at 12 months, respectively.

Methods: Within the Call for Life study, ART-experienced and ART-naïve people living with HIV commencing ART were
randomized (1:1 ratio) to the control (no IVR support) or intervention arm (daily adherence and pre-appointment reminders,
health information tips, and option to report symptoms). The software evaluated was Call for Life Uganda, an IVR technology
that is based on the Mobile Technology for Community Health open-source software. Eligibility criteria for participation included
access to a phone, fluency in local languages, and provision of consent. The differences in differences (DIDs) were computed,
adjusting for baseline HIV RNA and CD4.

Results: Overall, 600 participants (413 female, 68.8%) were enrolled and followed-up for 12 months. In the intervention arm
of 300 participants, 298 (99.3%) opted for IVR and 2 (0.7%) chose SMS text messaging as the mode of receiving reminders and
health tips. At 12 months, there was no overall difference in the QoL between the intervention and control arms (DID=0.0; P=.99)
or HIV RNA (DID=0.01; P=.94). At 12 months, 124 of the 256 (48.4%) active participants had picked up at least 50% of the
calls. In the active intervention participants, high users (received >75% of reminders) had overall higher QoL compared to low
users (received <25% of reminders) (92.2 versus 87.8, P=.02). Similarly, high users also had higher QoL scores in the mental
health domain (93.1 versus 86.8, P=.008) and better appointment keeping. Similarly, participants with moderate use (51%-75%)
had better viral suppression at 12 months (80/94, 85% versus 11/19, 58%, P=.006).

Conclusions: Overall, there was high uptake and acceptability of the IVR tool. While we found no overall difference in the
QoL and viral suppression between study arms, people living with HIV with higher usage of the tool showed greater improvements
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in QoL, viral suppression, and appointment keeping. With the declining resources available to HIV programs and the increasing
number of people living with HIV accessing ART, IVR technology could be used to support patient care. The tool may be helpful
in situations where physical consultations are infeasible, including the current COVID epidemic.

Trial Registration: ClinicalTrials.gov NCT02953080; https://clinicaltrials.gov/ct2/show/NCT02953080

(JMIR Mhealth Uhealth 2021;9(2):e22229) doi: 10.2196/22229
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Introduction

The response to the HIV/AIDS epidemic and the scale-up of
antiretroviral therapy (ART) has been successful globally. Over
the last decade alone, the number of people living with HIV
who are receiving ART increased from 400,000 in 2003 to 24.5
million in 2019 [1]. Although ART improves the quality of life
(QoL) in people living with HIV [2,3], studies after ART
scale-up continue to report low QoL, even in people living with
HIV receiving ART [4]. The World Health Organization (WHO)
has highlighted the need for HIV care programs to increase
coverage of comprehensive HIV services and ensure good QoL
for people living with HIV [5].

The biomedical goal of ART is to stop HIV replication, achieve
viral suppression, and ultimately reduce HIV-associated
mortality and its transmission. To achieve these goals, people
living with HIV need to be highly adherent to ART and remain
engaged in care. Ensuring social support and improving
knowledge about HIV ART improves the QoL in people living
with HIV [3]. Conversely, poor adherence [6] and noncontrolled
symptoms [7] are associated with poorer QoL. To this end, HIV
care should encourage strict adherence to ART and support
symptom surveillance and alleviation to improve the QoL in
people living with HIV. However, the provision of continuous
adherence support and symptom surveillance is challenging and
time-consuming and requires resources. Therefore, there is a
need for patient-centered systems that enhance adherence and
symptom surveillance but do not burden already-constrained
health systems, especially in the low- and middle-income
countries (LMICs) with a high burden of HIV.

Following the increasing access to mobile technology in the
most-burdened countries [8], mobile health (mHealth)
technologies are increasingly leveraged to support people living
with HIV. However, there is limited evidence on the impact of
mHealth tools on QoL in people living with HIV, especially in
LMICs. The majority of mHealth tools evaluated in LMICs
have used SMS text messaging interventions with mixed results
[9]. The adoption and impact of SMS text messaging
interventions are likely to be low in countries with low literacy
rates. This study sought to determine the acceptability and
impact of an interactive voice response (IVR)–based patient
support technology among people living with HIV in Uganda.
The IVR technology allows for two-way communication
between the software and end user and can be deployed on a
simple feature phone. The IVR tool evaluated in this study
delivered daily adherence reminders, appointment reminders,
and weekly health tips to people living with HIV.

To increase the adoption, replication, and impact of the
intervention, we used the criteria and taxonomy suggested by
Tabak et al [10] and selected the information, motivation, and
behavioral skills (IMB) model of behavioral change [11] as the
theory for the intervention (Figure 1). The IMB model was
initially developed to understand and change HIV-risky
behaviors in developed countries [11]. It has since been widely
used in LMICs to assess and improve adherence to ART [12,13].
The model suggests that motivation, skilling, and provision of
information on adherence to people living with HIV improve
adherence. We hypothesized that IVR-based technology could
provide motivational information and reminders to people living
with HIV and ultimately improve ART adherence, QoL, and
viral suppression. Figure 1 shows the aspects of the IMB model
that were adapted to design the intervention used in this study.
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Figure 1. Behavioral change conceptual framework for the study, adapted from the information, motivation, and behavioral skills model [11].

Methods

Study Design
This was an open-label randomized controlled trial (RCT) to
evaluate the impact of a patient support tool, Call for Life
Uganda (CFL), on QoL and viral suppression in people living
with HIV in Uganda. The primary outcome was the difference
in the differences in QoL between the study arms at month 12.

Study Settings
The study was conducted at two HIV clinics. The Infectious
Diseases Institute (IDI) clinic is a specialist urban HIV clinic
located within the National Mulago Hospital complex and serves
more than 8000 people living with HIV. Kasangati Health
Centre IV is a government-owned clinic in peri-urban Kampala
and serves approximately 5000 people living with HIV. At both
clinics, comprehensive HIV care and treatment services were
provided according to the WHO and national guidelines for
HIV treatment [14,15]. Nurse counselors physically provide
face-to-face patient adherence support during clinic visits with
no option for remote support.

The technology evaluated in this study was CFL, a software
that is based on open-source Mobile Technology for Community
Health (MoTeCH). MoTeCH was initially developed by the
Grameen Foundation and the University of Southern Maine
with the support of Janssen, the Pharmaceutical Companies of
Johnson & Johnson. Before this study, the software was used
in India and Ghana [16,17]. The initial software was called
Treatment Advice by Mobile Alerts (TAMA) [17]. Following
the adaptation of TAMA for use by people living with HIV in
Uganda, the local system was named Call for Life.

Before adoption, user acceptability testing (UAT) was
undertaken with study staff (medical and information systems)
and the TAMA team based at Janssen Global Public Health.
Between October 2015 and August 2016, 103 “expert” people

living with HIV who had been attending IDI for over 5 years
and who had prior participation in research were enrolled on
the TAMA software. The purpose of this exercise was to tailor
the software to the needs of people living with HIV and care
providers in Uganda and to pilot health tip content. Before
adding patients to the system, 6 UAT sessions were held to test
inbound and outbound calls, the registration process, and the
functioning of the audio files. In December 2015, a focus group
discussion was held with 43 people living with HIV registered
on TAMA to understand the experiences and challenges users
faced. The major challenges experienced during study
implementation included internet and system failures and the
need for security upgrades (Multimedia Appendix 1). As a result,
the system was iteratively upgraded from version 1.0.0 to
version 9.3.0, before and during use in the study. The changes
aimed at optimizing usability and security, not the intervention
delivered, as summarized in Multimedia Appendix 2.

The health tips were developed by an experienced team of HIV
clinicians and behavior change specialists in collaboration with
Straight Talk Foundation, a local nongovernmental organization
that specializes in health messaging and behavior change. The
health tips were based on international and national best
practices and guidelines for HIV messaging [15,18]. In
collaboration with Community Health and Information Network
Uganda, a patient advocacy nongovernmental organization,
focus group discussions were held in January and February
2016 with people living with HIV not enrolled on the tool to
assess the acceptability and clarity of the messages. The
discussions also assessed the accuracy of translations to local
languages. Overall, there were 330 messages that covered
various topics including general information on HIV,
antiretroviral therapy and adherence, positive living, sexual and
reproductive health, pregnancy, and safe breastfeeding and
general health. Multimedia Appendix 3 summarizes the message
categories and provides examples of each.
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Study Intervention
The software evaluated in this study is CFL and is compatible
with messaging in four languages: English, Luganda, Kiswahili.
and Runyankore. The system allows automatic interaction with
patients using voice and tone input via a keypad (IVR) or by
SMS text messaging using simple phones (GSM-2/feature).
CFL was integrated with the patient health information
management systems used for HIV care in Uganda, so as to
obtain appointment dates and ART regimens. Participants in
the intervention arm received the usual standard of care plus
daily adherence IVR voice reminders (or SMS text messaging),
delivered just before the usual pill-taking time. Intervention
participants also received pre-appointment reminders and weekly
voice calls offering educational health tips. In addition,
intervention participants had an option to call a toll-free line
and report symptoms or drug side effects. Such patient-triggered
calls could generate alerts that would prompt health care workers
to call back within 24 hours. Participants chose the preferred
languages, time, and frequency of receiving reminders. For
security, both outbound and inbound calls played music until
the participant entered a personal identification number (PIN)
unique to them. Participants chose their preferred “health
topics”, from which the system randomly shuffled and randomly
played different health tips for each call (Multimedia Appendix
3). Multimedia Appendix 4 shows the call flow diagram for the
CFL software. Overall, participants received reminders and had
to key in their PIN before listening to the calls. After the
reminder was played, the system prompted participants to select
additional services they wanted using buttons on the phone
keypad. People living with HIV in the control arm received
standard of care comprising face-to-face facility appointments
but no access to remote adherence, appointment reminders, or
symptom reporting.

Quality Assurance and Software Updates
The health care workers accessed the CFL dashboard on the
web [19], which required connection to an internet server (thus
needing a stable connection to power and internet). Participants
did not require smartphones. They received and made calls using
any mobile phones, including feature phones. The software
allows for the configuration of call times, inputting of mobile
phone contacts, PIN setting, and synchronization of data with
the patient health information systems.

At baseline, participants in the intervention arm were trained
on how to initiate and receive calls. Participants were asked at
each appointment if they were experiencing challenges with the
IVR calls. Call completion rates were reviewed weekly. Patients
with a blocked PIN were contacted by the study medical team
within one week to reset the PIN. Throughout the study period,
there were 16 upgrades of the CFL software (Multimedia
Appendix 2). However, the content delivered by the software
did not change throughout the follow-up period, except for
health tips; following feedback from the participants, 30
additional messages (16 on nutrition and 14 on cancer) were
added.

Sample Size and Power
Based on pre- and post-ART assessments of QoL in people
living with HIV in Burkina Faso [7] and Uganda [20], we
anticipated a 15-point difference in overall QoL following ART
in people living with HIV in the control and intervention arms.
We also estimated that there would be an additional 5-point
improvement in the QoL in those receiving CFL. Therefore, we
expected an overall difference of 5 points in ART-experienced
people living with HIV in the intervention versus control arms.
For a power of 90% and precision of 0.05, we needed a
minimum of 273 patients in each arm (overall 546) to detect a
5-point difference in the QoL in the intervention versus the
control arm. The estimated sample size was adjusted for the
anticipated attrition of 9% to give a final sample size of 600.

Randomization
Eligible patients were randomized to either the control (standard
of care) or intervention arm (1:1 ratio) in this open-label study.
Randomization blocks (sizes of 4) were generated by an
independent statistician and kept under lock and key at the two
sites. The study medical team assigned randomized participants
to their final allocated study arms. We interviewed participants
in the intervention arm at each visit if they had trouble using
the intervention. A detailed trial design can be found in the
study protocol (Multimedia Appendix 5).

Study Procedures and Data Collection
Participants were physically evaluated at baseline and months
6 and 12. At each time point, the study team collected data on
sociodemographics (age, sex, marital status) and treatment
history (ART status, duration on ART, ART regimen, and HIV
RNA). Plasma HIV RNA testing was performed on plasma at
months 6 and 12 using the Roche COBAS TaqMan v2.0 HIV-1
assay. Viral suppression was defined as less than 50 copies of
HIV RNA per mL. QoL was measured using the HIV version
of the Medical Outcomes Study (MOS-HIV) [21] because its
local language version has been validated in Uganda [22]. The
MOS-HIV measures health-related QoL in 11 areas: health
perceptions, bodily pain, physical function, role function, social
function, mental function, vitality, health distress, cognitive
function, QoL, and health transition. The QoL scores on this
scale range from 0 to 100, with higher scores implying better
health. Overall scores and individual scores for the physical
health summary (PHS) and mental health summary (MHS)
domains were calculated. Adherence to appointments was
defined as attending appointments within 3 working days of the
scheduled visit.

The study was terminated before its conclusion, based on
guidance by an independent data safety monitoring board
(DSMB), after it was found that there was no difference between
study arms at 6 months. The study was closed when all
participants had completed at least 12 months (follow-up period
range: 12-24 months). The study protocol and DSMB allowed
all participants who were willing to continue receiving IVR
technology support to do so. Throughout the study,
treatment-related data were shared with medical teams. Those
with detectable HIV RNAs received appropriate treatment that
included intensive adherence counseling.
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Study Subjects
ART-naïve and ART-experienced people living with HIV were
consecutively screened, and participants were eligible for
enrollment if they belonged to any of the following categories:
ART-naïve adults or ART-experienced people living with HIV,
including key populations (sex workers and men who have sex
with men), young adults (18-24 years), pregnant and
breastfeeding mothers, and people living with HIV in discordant
relationships. People living with HIV were eligible if they were
18 years or older, were willing to comply with study procedures,
and had access to and were able to use a cell phone. Participants
also spoke English or one of the available local languages and
provided informed consent. We excluded people living with
HIV with clinical conditions that could interfere with the use
of cell phone (for example, deafness, severe cognitive
impairment, critical illness), and those who were not receiving
the standard first-line (efavirenz, tenofovir disoproxil fumarate,
and lamivudine) or second-line (atazanavir or lopinavir with
boosted ritonavir plus lamivudine and tenofovir) ART regimens.
Participant screening and enrollment were done in person by
study medical teams.

Statistical Analysis
The primary endpoint was the difference in the change in the
QoL (MOS-HIV) at 12 months among ART-experienced people
living with HIV in the intervention and control arms at the two
study sites. The secondary outcomes were differences in viral
suppression (HIV RNA<50 copies/mL) and appointment
keeping. All analyses were conducted using Stata software,
version 14 (StataCorp). We compared the changes in the QoL
and HIV RNA outcomes using Pearson chi-square or paired t
test and determined the difference in differences (DID) in the
endpoints between intervention and control arms. Analysis of
covariance was used to test the interaction effects of categorical
variables on the QoL, controlling for the effects of other selected
continuous variables, including baseline HIV RNA, CD4, and
duration of care. Additionally, we compared the outcomes within
the intervention arm according to the intensity of use of the
system (proportion of users receiving reminders): low users
(<25% calls answered), fairly low users (26%-50% of calls
answered), moderate users (51%-75% answered) and high users
(>75% calls answered). The results of this analysis are reported

as per the CONSORT-EHEALTH (Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth) [23] and are also consistent with the
mobile health evidence reporting and assessment guidelines
(Multimedia Appendix 6) [24].

Data Security
All study data were double-encrypted by CFL. All clinic data
of people living with HIV remained on the local IDI servers as
per Uganda data protection guidelines. Communication between
the CFL browser and the server was encrypted using 128-bit
Secure Sockets Layer. CFL system servers were hosted by
Amazon Web Services (AWS) and secured by Amazon virtual
private cloud and AWS web firewalls. At the same time, data
were protected from virus threats using Bitdefender antivirus
technology.

Ethics
The study was approved by the Makerere University School of
Medicine Research Ethics Committee (REC# 2015-083) and
Uganda National Council of Science and Technology and was
registered with ClinicalTrials.gov (NCT02953080) [25]. All
study participants provided informed consent before
participation. An independent DSMB supervised the study
implementation. An interim analysis was planned at 12 months
a priori, and the study was to be terminated if there was no
difference in the primary outcomes between study arms at 6
months.

Results

Study Population
From August 2016 to August 2017, 1079 participants were
screened concurrently at the two study clinics, 715 participants
were eligible, and 600 participants were enrolled (Figure 2).
The most common reasons for nonenrollment included
postponing enrollment to a date beyond the enrollment
period—such participants were not enrolled as they returned
after the sample size had been accrued (47)—and failing on
second-line ART (22). The other reasons for exclusion are
shown in Figure 2.
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Figure 2. Study enrollment, randomization, and follow-up. ART: antiretroviral therapy; CFL: Call for Life; FU: follow-up; IDI: Infectious Diseases
Institute; KSG: Kasangati Health Centre IV; MARPS: most-at-risk populations; PMTCT: prevention of mother-to-child transmission.

Of the 600 enrolled participants (300 in each arm), 554
completed 6 months (277, 92.3% in each arm), and 516
completed 12 months (256, 85.3% and 260, 86.7% in the
intervention and control arms, respectively). Of the 600 enrolled
participants, 413 (68.8%) were female, 468 (78%) were

receiving first-line ART, and 388 (64.7%) had undetectable
HIV RNA (Table 1). The median age (IQR) was 32 (25-40)
years, one-third (193/600, 32.2%) were in serodiscordant
relationships, and 155 (25.8%) were pregnant or breastfeeding.
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Table 1. Characteristics of study participants (N=600).

P valueaStandard (n=300)Intervention (n=300)Total (N=600)Characteristic

Gender, n (%)

.54203 (67.7)210 (70.0)413 (68.8)Female

—b97 (32.3)90 (30.0)187 (31.2)Male

Age (years), n (%)

.7879 (26.3)82 (27.3)161 (26.8)16-24

—115 (38.3)104 (34.7)219 (36.5)25-35

—86 (28.7)95 (31.7)181 (30.2)36-50

—20 (6.7)19 (6.3)39 (6.5)≥50

Marital status, n (%)

.78226(75.3)223 (74.3)449 (74.8)Married

—74 (24.7)77 (25.7)151 (25.2)Not married

Education level, n (%)

.3216 (5.3)8 (2.7)24 (4.0)None

—113 (37.7)118 (39.3)231 (38.5)Primary

—128 (42.7)137 (45.7)265 (44.2)Secondary

—43 (14.3)37 (12.3)80 (13.3)Tertiary

Alcohol use, n (%)

.74144 (48.0)147 (49.3)292 (48.7)Yes

—156(52.0)152(50.7)308 (51.3)No

ARTc regimen, n (%)

.43238 (79.3)230 (76.7)468 (78.0)First-line

—62 (20.7)70 (23.3)132 (22.0)Second-line

.232.1 (0.3-3.7)1.8 (0.3-3.8)2.0 (0.3-3.8)Duration on ART (years), median (IQR)

Baseline HIV RNA, n (%)

.2899 (33.0)113 (37.3)212 (35.3)HIV RNA≥50 copies/mL

—201 (67.0)187 (62.7)388 (64.7)HIV RNA<50 copies/mL

aThere were no differences between the two study arms, and P was attained using the Pearson chi-square test.
bNot available.
cART: antiretroviral therapy.

Change in Quality of Life
The mean overall MOS-HIV QoL scores at baseline in the
intervention and control arms were 85.5 and 86.0, respectively,
and this increased to 90.3 and 90.7, respectively, at 12 months
(DID=0.0, SE 1.03; F=0.52, P=.47) (Table 2). The change in
PHS domain score between baseline and months was also

comparable between the two arms (DID=−0.1, SE 1.28;
F=0.600, P=.44). Similarly, there was no overall difference in
the change in MHS QoL scores between the two study arms
(DID=0.2; F=0.860, P=.35). Subanalyses did not show any
significant difference between arms in any category except when
the analysis was stratified by the intensity of the use of the
software.
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Table 2. Quality of life scores at baseline and 12 months.

ANCOVAc

analysis
DIDb analysisFollow-up (month 12)BaselineQoLa domain and

subgroup

P valueFP valueDIDP valueDiff

(I-C)

C, meanI, meanP valueDifff

(I-C)

Ce, meanId, mean

MOS-HIVg

.470.52.990.0.54−0.590.790.3.53−0.586.085.5Overall

.083.14.800.3.10−1.292.190.9.04−1.590.789.3IDIh

.690.16.87−0.3.670.589.189.6.510.880.180.9KSGi

Mental health summary score

.350.86.830.2.46−0.692.191.5.30−0.887.486.6Overall

.016.26.86−0.2.04−1.693.992.3.07−1.492.290.8IDI

.460.54.660.8.580.789.890.5.94−0.181.481.4KSG

Physical health summary score

.440.60.93−0.1.45−0.793.092.3.52−0.687.386.7Overall

.271.24.670.6.19−1.394.092.7.06−1.992.290.3IDI

.910.01.64−1.0.960.191.791.8.481.081.482.4KSG

aQoL: quality of life.
bDID: difference in differences; the difference between the differences in QoL scores between the intervention and control arms at baseline and 12
months.
cANCOVA: analysis of covariance.
dI: intervention arm.
eC: control arm.
fDiff: difference between scores at baseline or 12 months.
gMOS-HIV: Medical Outcomes Study, HIV version.
hIDI: Infectious Diseases Institute.
iKSG: Kasangati Health Centre IV.

Change in HIV RNA at 12 Months
At baseline, viral suppression rates in the intervention and
control arms were 62.7% (188/300) and 67% (201/300),
respectively. At month 12, viral suppression improved to 80.9%
(195/241) and 82.6% (213/258) among participants who had
data on HIV RNA in the intervention and control arms,

respectively. There was no difference between the intervention
and control arms regarding the change in the log HIV RNA
between baseline and 6 months (DID=0.05, SE 0.137, P=.66)
and at 12 months (DID=0.01, SE 0.134, P=.94). Similarly, there
was no difference in the change in log HIV RNA between the
two arms (Table 3).

Table 3. Mean percentage scores of HIV RNA log copies/mL by arm and study group.

HIV RNA (copies/mL)Time point

DIDaFollow-upBaseline

P valueSEDIDP valueSEDiff

I-C)

C, meanI, meanP valueSEDiffd

(I-C)

C, meancI, meanb

.660.1370.05.880.0990.001.661.66.630.094−0.052.092.046 months

.940.1340.01.870.0950.011.661.67.950.0940.002.022.0212 months

aDID: difference in differences; the difference between the differences in log HIV RNA copies between the intervention and control arms at baseline
and 6 and 12 months.
bI: intervention arm.
cC: control arm.
dDiff: difference in the log HIV RNA copies between the I and C arms.
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Adherence to Appointments
Overall, there was significantly higher adherence to
appointments (P=.04) in the participants in the intervention arm
at 6 months (200/277, 72.2%), compared to those in the control
arm (178/277, 64.3%). However, at 12 months, there was no
difference in appointment keeping in the intervention versus
the control arm (intervention arm: 178/256, 69.5%; control arm:
178/260, 68.5%; P=.79).

Fidelity to Intervention Delivery
At baseline, 298 of the 300 participants (99.7%) in the
intervention arm chose IVR, and only 2 selected SMS text
messaging. Throughout the study, 346,286 outbound calls were
made, of which 182,943 (52.8%) calls were answered and
141,043 (40.7%) were uninterrupted until the end (Figure 3).
At 12 months, 25 of the 256 active participants (9.8%) were
low users, 107 (41.8%) were moderate users, and 124 (48.4%)
were high users.

Figure 3. Number of calls made and successfully completed by the study participants in the intervention arms.

The study was halted between January 20 and February 2, 2018,
due to a software failure. There were no confidentiality breaches
during this software failure, and a protocol deviation was
reported to the institutional review board. Upon fixing the
technical failure, participants were interviewed on whether they
wanted to re-enroll. Only 1 participant out of 299 patients on
the intervention arm declined (due to reasons other than
software) to rejoin the study after this time. During the system
failure period, all participants received the standard of care.

Outcomes by the Level of Use of the Tool
Among participants in the intervention arm who were active at
12 months, there was a general trend toward better study

outcomes in participants with higher use of software compared
to low users (received <25% of all reminder calls). The baseline
scores were generally similar in the different strata of tool usage
(Table 4). At 12 months, overall QoL, as well as the QoL scores
in the MHS domain, was higher for participants with high use
of the tool than for those with low use (overall QoL score: 92.2
versus 87.8, P=.02; MHS scores: 93.1 versus 90.7, P=.008).
However, there was no statistical difference in the PHS domain
scores between higher and low users (94.6 versus 90.7, P=.07)
(Table 4).
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Table 4. Change in quality of life by utilization of the intervention.

12-month follow-up6-month follow-upBaselineQoLa domain, by
calls answered
(%)

P val-

ueb
QoL scores,
mean (SD)

Participants,
n

P val-

ueb
QoL scores,
mean (SD)

Participants, nP val-

ueb
QoL scores,
mean (SD)

Participants, n

MOS-HIVc

Ref87.8 (8.2)25Ref88.5 (7.2)58Refd85.2 (7.6)370-25

.0490.8 (5.1)107.9688.5 (7.1)88.5786.1 (8.7)12326-50

.2489.9 (7.0)99.7988.2 (8.8)92.5283.8 (10.9)10851-75

.0292.2 (3.2)25.5489.4 (5.7)39.0290 (7.1)3076-100

Mental health score

Ref86.8 (10.3)25Ref89.5 (7.1)58Ref86.1 (8.4)370-25

.00191.9 (5.1)107.7389.9 (6.3)88.7686.7 (9.9)12326-50

.00591.6 (6.1)99.6890.0 (7.7)92.7285.3 (11.6)10851-75

.00893.1 (4.1)25.1491.5 (4.9)39.0690.5 (8.8)3076-100

Physical health score

Ref90.7 (8.6)25Ref90.8 (10.1)58Ref86.5 (9.6)370-25

.1992.9 (7.1)107.9690.7 (10.4)88.3988.1 (9.7)12326-50

.7991.4 11.0)99.4189.2 (12.6)92.3484.1 (13.1)10851-75

.0794.6 (5.4)25.7790.3 (8.7)39.0292.1 (7.8)3076-100

aQoL: quality of life.
bThe P values are attained using one-way analysis of variance.
cMOS-HIV: Medical Outcomes Study, HIV version.
dRef: reference group for comparisons.

Compared to low users, viral suppression rates at 12 months
were higher in those with higher usage. This was significant for
those with moderate usage of the tool (80/94, 85% versus 11/19,
58%; P=.006) and in those with fairly low usage (26%-50%
usage) (84/103, 81.5% versus 11/19, 57.9%; P=.02). However,
the difference did not reach significance in those with highest
usage in viral suppression (20/25, 80% versus 11/19, 58%;
P=.11) (Table 5).

Participants with better usage of the tool also generally had
higher rates of appointment keeping compared to low users.
Compared to the rates in low users (12/25, 48%), appointment
keeping was higher in participants with fairly low usage (74/107,
69.2%, P=.046), moderate usage (72/99, 73%, P=.02), and high
usage (20/25, 80%, P=.02) (Table 5).
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Table 5. Viral suppression and appointment keeping at 12 months by the level of use of the tool.

Month 12Month 6Outcome, by calls answered (%)

P valuebParticipants, n/N (%)cP valuebParticipants, n/N (%)a

Viral suppressiond

Ref11/19 (57.9)Refe49/57 (86.0)0-25

.0284/103 (81.6).1664/86 (74.4)26-50

.00680/94 (85.1).7574/90 (82.2)51-75

.1120/25 (80.0).7832/39 (82.1)76-100

Appointment adherence

Ref12/25 (48.0)Ref39/58 (67.2)0-25

.04674/107 (69.2).5763/88 (71.6)26-50

.0272/99 (72.7).5666/92 (71.7)51-75

.0220/25 (80.0).0533/39 (84.6)76-100

a5 missing values at 6 months.
bThe P values are attained using the Pearson chi-square test. Missing values not included in the analysis.
c16 missing values at 12 months.
dHIV RNA <50 copies/mL.
eRef: reference group for comparisons.

Serious Adverse Events
There were 8 adverse events in each study arm. The adverse
events included 7 deaths and 9 hospitalizations. Of the adverse
events, 11 were HIV-related, and none were attributed to the
use of the tool.

Discussion

Principal Findings
Despite the increasing data from pilot studies in LMICs that
support mHealth interventions, very few interventions have
involved IVR. Similarly, few studies have assessed the
scalability and sustainability of mHealth interventions. In this
RCT, we determined the impact of an IVR-based
patient-centered tool on the QoL and treatment outcomes of
people living with HIV. To our knowledge, this is the largest
mHealth intervention trial to evaluate the impact of IVR
technology and the only one to offer a choice of IVR and SMS
text messaging in Africa. Mobile health technologies that utilize
voice calls are ideal for patient support in most LMICs due to
high illiteracy rates [26]. Our study did not find any statistical
difference in the change in QoL at 12 months in participants
enrolled in the intervention and control arms. Similarly, there
was no difference in viral suppression rates in the two arms.
However, we found an association between improved QoL
(overall and MHS) as well as viral suppression and adherence
to clinic appointments in participants who had moderate or high
use of the tool.

Before this study, studies involving SMS-based interventions
had reported no improvement in the QoL in people living with
HIV [27]. However, studies involving live phone calls to people
living with HIV reported significant improvement in the QoL
[28]. The CFL software provided automated IVR calls with

improvement in QoL in the users. Therefore, it seems that “live
calls” and IVR, which is a prerecorded voice, are more effective
than SMS text messaging in improving QoL. Other IVR-based
tools have previously reported higher ART adherence rates
among patients receiving IVR adherence reminders in people
living with HIV in comparable resource-limited settings [17,29].
Qualitative interviews suggested that people living with HIV
became attached to the “voice” and felt as if they were better
cared for.

Study Limitations
This study has a few limitations. While attempting to increase
the generalizability of our study findings, we enrolled a
heterogeneous population. Participants included highly
ART-experienced people living with HIV as well as those newly
diagnosed and initiated on ART. Owing to the successful ART
scale-up, people living with HIV commencing ART are
increasingly healthier at diagnosis [30,31]. Similarly,
ART-experienced people living with HIV may have higher QoL
scores. The overall baseline QoL scores in this study were high
(86 in each arm), so the study may not have been well powered
to detect small differences in QoL or HIV RNA. While viral
suppression rates at 12 months had improved in both arms, the
heterogeneity of the population limited our ability to show a
statistical change in viral suppression. The baseline viral
suppression rate was 67%, lower than the rates reported in most
HIV programs [32], due to the inclusion of those with detectable
viral loads such as ART-naïve people and those failing on
first-line therapy. This study was conducted at two different
facilities, one urban and the other peri-urban. The QoL of
patients attending the peri-urban facility was lower at baseline
compared to that of patients attending the urban HIV clinic.
This difference narrowed at 12 months. The enrollment of
patients at the two facilities introduces heterogeneity in the
study population but increases the generalizability of the study
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results. In addition, access to a simple mobile phone was
required to access the tool. There is a gender gap in the
accessibility of mobile phones in sub-Saharan Africa, where
15% fewer females own a mobile phone, compared to males
[33]. We found that 8.7% (94/1078) of those screened had no
access to phones; phone ownership was higher than the 70%
national coverage [34]. The high mobile phone ownership is
attributable to the predominantly urban and educated study
population. In key groups, providing a cheap mobile phone
(under US $10) may mitigate this. We will explore the feasibility
of this approach in our ongoing study with CFL in youths and
adolescents with HIV. Additionally, we did not assess the
attentiveness of the participants during the whole call, which is
a further limitation. Therefore, some participants may have not
listened to the entire health tips and reminders. Focus group
discussions and in-depth interviews were undertaken to
understand the personal, technological, and environmental
determinants of tool use, including among young adults [35].
Participants generally responded that the calls reminded them
to take their ART, but some did not pick up the call as they felt
that just hearing the ringtone was enough of a reminder. The
health tip topic for each participant was changed at each
appointment, and with 329 tips available, there was considerable
new health tip content. Many participants requested to receive
health tips on weekends so that they had time to listen to the
health tips. The details of the patient preferences for health tips
have been described elsewhere [36]. The greatest challenges
expressed were PIN code issues and timing of the calls when
busy at work, rather than lack of interest in the content.

Acceptability and Use of the Tool
Technology problems could have contributed to the results, as
the intervention was halted for 3 weeks. Still, after the tool
failure, surprisingly 99.7% (299/300) of participants agreed to
come back to the study, so technology failure did not seem to
affect long-term uptake. The study population was urban and
highly educated, and participants may have had alternative
adherence reminders, including self-set phone alarms and email
alerts. However, we did not inquire about the existence of
alternative adherence reminders. Nevertheless, Musiimenta et
al documented the lack of adherence reminders as a crucial
barrier to adherence to long-term treatment in patients with
tuberculosis in Uganda [37].

The proportion of patients who successfully received calls was
relatively stable throughout the study period. This is reassuring
given that some studies have reported a decline in the utilization
of mobile health interventions over time. Since the conclusion
of this RCT, the scale-up of CFL has been successful. More
than 3000 people living with HIV at three health facilities in
Kampala are receiving IVR-based patient support; over
1,300,000 successful calls have been placed using the tool over
four years [38]. This study demonstrated a higher preference

for IVR over SMS text messaging. Qualitative work suggested
that this was due to the belief that confidentiality was greater
with an anonymous call compared to a message flashed on a
screen, but also due to comfort in hearing a real human voice
[35]. This raises the opportunity of using IVR technology to
mitigate high illiteracy rates in resource-limited settings. In
India, a study reported a higher preference for IVR compared
to SMS text messaging reminders [17,39].

The study showed high acceptability of the tool, and those who
engaged with the tool had better outcomes. The call success
rates (141,043/346,286, 40.7% of all calls) for daily uptake
(calls repeated up to 3 times on each day until picked up) are
higher than what has been reported in similar settings (range:
22%-31%) [40,41]. For those with high use of the tool, the QoL
scores were higher than for those with low use of the tool. This
could either mean that this population is keen to engage with
care and any support that is given or that the subset who used
the tool did have an improvement in outcomes. In LMICs, with
the need to provide differentiated HIV services, CFL and IVR
solutions could support differentiated care models. The WHO
recommends low-intensity engagement for stable people living
with HIV to allow resources for those who have or are at risk
of viral failure. Appropriate use of IVR could provide
reassurance to health facilities that longer periods between
appointments and fewer face-to-face sessions are safe for stable
patients. In the prevailing circumstances when most LMICs are
under lockdown and most people living with HIV do not have
physical support, IVR could provide alternative support. The
impact and cost-effectiveness of replacing face-to-face
consultations with IVR in the COVID era will be assessed in
our ongoing research project.

Conclusion
While this study did not find an overall difference in QoL or
viral suppression in people living with HIV, the impact of this
software in ART-naïve patients with advanced HIV ought to
be determined. The software did not find a significant difference
in appointment keeping, but most of the patients were highly
experienced. Therefore, the intervention should be evaluated in
people living with HIV who are newly engaging in care. This
study provides useful information on the feasibility and impact
of IVR intervention on QoL of people living with HIV in
sub-Saharan Africa. While there was no overall difference in
QoL and viral suppression in the two study arms, high-intensity
users of the tool showed improvement in QoL and viral
suppression. With the declining resources available to HIV
programs in Africa and the increasing number of people living
with HIV accessing ART, other IVR could be useful to enhance
patient support for those that are keen and willing to use the
system to support them at home. It could also be used to support
people living with HIV who cannot or do not want to attend
facilities face-to-face during the COVID epidemic.
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