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Background: Low tuberculosis (TB) treatment completion rates in sub-Saharan Africa are
an important driver of multidrug resistance. Mobile technology-based interventions have been
shown to improve adherence to antiretroviral therapy in sub-Saharan Africa. We aimed to test
the effect of a short-message service (SMS) intervention on loss to follow-up (LFU).
Materials and methods: In this quasi-experimental study, all adult, literate, HI V-infected
patients with mobile phone access diagnosed with TB between November 2010 and October 2011
in an urban clinic in Uganda were eligible to receive adherence and appointment reminders
and educational quizzes during the first 8 weeks of TB treatment. Their risk of LFU in the first
8 weeks of treatment was compared with that of patients starting treatment between March 2009
and August 2010 using logistic regression.

Results: One of 183 (0.5%) enrolled patients was lost to FU during the intervention compared
to six 0f 302 (2.0%) in the preintervention control group (RR 0.27, 95% CI1 0.03-2.07; P=0.22).
The SMS intervention was rated as very helpful by 96%. Barriers identified included interrupted
phone access (26%, median 14 days) and difficulties responding by SMS. The response rate
to educational quizzes was below 10%. There were no unintentional disclosures of TB or HIV
status due to the intervention.

Conclusion: An SMS reminder service did not show a clear effect on short-term risk of LFU
in this study, which was underpowered due to a lower baseline risk in the control group than
expected. The SMS-reminder service was rated highly, and there were no breaches of confi-
dentiality. Important technological barriers have implications for larger-scale implementation,
not only for TB but also other disease modalities.

Keywords: mHealth, mobile technology, short message service, text messaging, e-health,
cellular phone, telemedicine, tuberculosis, adherence, Uganda, Africa

Background

Incomplete treatment of tuberculosis (TB) poses a serious risk to the individual, as well
as the community. Treatment loss to follow-up (LFU) leads to treatment failure and
relapse, prolonged infectiousness, and development of drug resistance that requires
prolonged and expensive therapy that is less likely to be successful.'? Health service
factors, including lack of communication with health care providers, are important risk
factors for TB-treatment LFU.> There is a clear need to develop and test affordable,
innovative strategies and tools to provide adherence support.

Mobile technology-based support systems are attractive in sub-Saharan Africa
(SSA), because of the high mobile phone penetration and network coverage that has
occurred in the last decade. In 2015, 76% of the continent’s population was estimated to
have a mobile telephone subscription compared to 12% in 2005.* There is evidence that
mobile technology-based interventions are effective in improving healthy behavior or
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aiding disease management (such as medication adherence).’
Although data from SSA are limited, there is good evidence
to support 20%—-60% higher adherence to antiretroviral
therapy (ART) with text messaging interventions.®

The potential of mobile-phone technology to aid TB
control has been recognized by the Stop TB Partnership.’
A number of pilot projects and studies have been under-
taken in this area, but with limited impact evaluations.?
A systematic review on this topic found a paucity of well-
designed studies that were published in peer-reviewed
literature.’ Recently, two randomized controlled studies in
China and Pakistan found no impact of daily reminders on
TB adherence.'*!!

Uganda is one of the countries with a high burden of
TB and HIV coinfection.!? It also has one of the highest
proportions of TB patients lost to follow-up in SSA (12%
in 2014).12 As multidrug-resistance rates are still relatively
low," an intervention to decrease TB treatment LFU could
help avert a multidrug-resistant TB epidemic. Uganda has
a mobile phone network coverage of over 95%, and 50% of
inhabitants have a mobile phone subscription.'*!* We imple-
mented a mobile phone text message reminder service in an
integrated TB-HIV clinic with a high documented LFU rate
in Kampala, Uganda.'® This study aimed to test the effect
of this service on 8-week TB treatment LFU in individuals
coinfected with HIV.

Materials and methods

Study setting

The Infectious Diseases Institute (IDI) in Kampala, Uganda
and its integrated TB-HIV clinic have been described in detail
previously.'®!” In brief, the IDI provides adult outpatient
care to over 30,000 registered HIV patients. At the time of
the study, more than 13,000 patients were in active FU, of
which over 8,000 had initiated ART. The clinicians followed
the guidelines of the National TB and Leprosy Programme
(NTLP) for diagnosis and treatment of TB.'® Available
diagnostics included sputum fluorescence microscopy and
fine needle aspirates of lymph nodes, chest radiology, and
abdominal ultrasonography. No routine mycobacterial culture
facilities were available. Diagnosis was made on the basis
of these investigations, but very often on clinical judgment
alone. Treatment for new TB cases consisted of 2 months
of isoniazid, rifampicin, ethambutol, and pyrazinamide,
followed by 6 months of isoniazid and ethambutol. Directly
observed treatment (DOT) was not practiced, although com-
munity-based DOT with treatment buddies was advocated.
As part of routine care, all TB patients received a one-on-one

counseling session by the dedicated TB-HIV nurse—counselor
before treatment initiation. This counselor also performed
tracing of LFU patients by phone tracing and home visits
on an approximate 2 weekly basis. TB care took place in an
outdoor integrated HIV and TB clinic, offering care for both
diseases simultaneously and by the same staff.!®

At the time of conception of the study (2008), 17% of
TB patients became lost to FU within the first 8 weeks of TB
treatment.'® Risk factors for LFU were investigated by a case-
control study: lack of essential information about TB and its
treatment was found to be a strong predictive factor."”

Study design

We designed a quasi-experimental study with a historical
control group to investigate the effect of short message service
(SMS) text message reminders at the integrated TB-HIV
clinic of the IDI for all patients initiating TB treatment. The
intervention period was November 1, 2010 to October 31,
2011. The preintervention control period was March 1, 2009
to August 31, 2010; this period was predetermined to allow
for an equal number of participants in the intervention group,
as estimated by the sample size calculation. The 2 month gap
was to allow for completion of 2 months of treatment by the
historical control group before implementation of the reminder
service, to avoid spillover (changed study outcome among
controls by discussions about the intervention, eg, in the wait-
ing area). No additional interventions to improve TB care were
instituted during either period. A reminder text service dura-
tion of 8 weeks was chosen to coincide with the early treatment
period, during which patients were most prone to LFU in our

16 FU duration was 8 months after enrolment.

clinic.
Sample-size calculation

With an estimated 50% decrease in LFU from 17% to 8.5%,
we estimated our sample size with 80% power and 95%
level of significance at 291 participants per group. With an
approximate equal number of preintervention controls, the
total estimated sample size was 582 patients.

Ethical approval

The study was approved by the Scientific Review Committee
ofthe IDI (May 27, 2010) and the institutional review boards
of Makerere University College of Medicine (August 24,
2010), Johns Hopkins University School of Medicine
(October 21, 2010), and the Uganda National Council for
Science and Technology (September 9,2010). The study was
conducted in accordance with the Declaration of Helsinki.
All intervention group participants signed a written informed
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consent form. The control group participants gave written
informed consent for use of their routinely collected data for
research purposes at enrolment in the clinic, as is standard for
all IDI patients. The study was registered at the Pan African
Clinical Trials Registry (PACTR201310000671259). This
took place retrospectively following eligibility confirmation
(nonrandom assignment of the intervention and use of a his-
torical control group). This study is in accordance with the
Transparent Reporting of Evaluations with Nonrandomized
Designs (TREND) statement.?® The study protocol and the
completed TREND checklist is available upon request from
the corresponding author.

Study population

For our intervention group, we consecutively recruited all
adult (=18 years) HIV-positive men and women diagnosed
with active TB at the IDI TB-HIV clinic or at Mulago
Hospital and willing to receive FU care at the IDI who had
either not yet started treatment or for whom TB treatment
initiation had occurred within the 2 weeks prior to enrolment.
Participants had to have daily access to a mobile phone and
to have demonstrated ability to operate a mobile and com-
municate using text messaging. Shared phone access was
allowed if access was daily, if participants had disclosed or
were willing to disclose their TB status to the phone owner
and/or any other users of the phone, and if the phone owner
agreed to participate. Literacy was assessed at screening
using a tool previously used for a randomized controlled
trial in our clinic;?' we estimated that 86% of patients would
be literate. Illiterate patients who had disclosed or who were
willing to disclose their TB status to a literate and willing
treatment buddy were eligible to receive the services.

The preintervention control group consisted of all patients
diagnosed with TB and started on TB treatment in the IDI
TB-HIV clinic during the specified period. To maximize
comparability with participants receiving the SMS services,
patients without a mobile phone number recorded at treat-
ment initiation (which is routine practice) were excluded.
Literacy data were unavailable for these preintervention
control patients.

Intervention

The implemented SMS-reminder service consisted of three
different types of text messages: adherence reminders
(on days 2, 7, and 11 after the most recent appointment),
reminders of upcoming appointments (once every 2 weeks,
sent the day before the appointment), and educational quizzes
(on days 3, 6, 9, and 12 after the most recent appointment).

The latter were interactive: a multiple choice question was
sent to the participant, to which they could reply free of
charge.”? A computer-generated response was sent in reply,
including the correct answer with some additional informa-
tion. The intervention also included a toll-free callback
service for support with any queries participants might have.
This phone number was included in all text messages sent.
The AIDS Treatment Information Centre, based at the IDI,
received these phone calls and connected the study partici-
pants with the study nurse based at the TB-HIV clinic. The
intervention coincided with the intensive phase of TB treat-
ment, during which all TB patients visited the TB clinic every
14 days. The adherence reminder and educational messages
were sent in a cycle of 8 weeks, ensuring no duplication.
Samples of the different types of text messages are included
in the Supplementary material.

Study outcomes and definitions

The primary outcome measure was the risk of LFU in the
first 2 months of TB treatment, defined as a failure to collect
TB treatment for 2 or more consecutive weeks. Secondary
study outcomes included 1) TB treatment outcomes at the end
of TB treatment, defined by the World Health Organization
guidelines: cure (smear-positive patients who were smear-
negative in the last month of treatment), completion, treat-
ment LFU (interrupted treatment for more than 2 months),
failure (smear-positive after 5 months of treatment), and
transfer out;” 2) average self-reported TB drug adherence,
expressed in percentages of pills taken; 3) average self-
reported ART adherence, expressed in percentages of pills
taken; and 4) patients’ satisfaction and knowledge on TB-
HIV issues, based on pre- and postintervention questionnaire
assessment. The evaluation of the toll-free callback service
will be reported separately (manuscript in preparation). The
latter three outcomes were available only for the intervention
group. As a larger proportion than anticipated were excluded
from the intervention, we also investigated the difference
in baseline characteristics and treatment outcomes (both at
8 weeks and at the end of TB treatment) between the inter-
vention group and the group of patients who were screened
but not enrolled. There was no blinding of study outcome
ascertainment.

Data collection

Data on intervention group participant characteristics,
risk factors for LFU, and knowledge of TB and HIV care
were collected at the time of enrolment and at the end of
the intervention (at 8 weeks). In addition, feedback on the
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study interventions and TB and HIV care was collected at
8 weeks. Intervention group participants who became lost
to FU from treatment according to the protocol’s definition
were contacted by the study nurse to identify the underlying
reason. Information on phone calls from participants received
by the study nurse was recorded in a separate questionnaire.
The study nurse collected the primary study outcome for all
study participants. For those in the control group, these were
determined by reviewing the TB register, which captures visit
dates for all TB patients. For all study participants, routine
clinical data at each visit were captured in a Microsoft SQL
database (HIV data) and a Microsoft Access database (TB
data). Data on study participants and preintervention controls
were extracted from these databases through linking of
the patient’s clinic identification number. The database of
the implementing mobile-phone partner, Text to Change
(Kampala, Uganda), captured data on all sent and received
text messages as part of the intervention.

Statistical methods

Baseline characteristics were summarized using proportions
for categorical variables and means (with standard devia-
tions) or medians (with interquartile ranges) for normally
and abnormally distributed numerical variables, respec-
tively. Treatment outcomes across groups were assessed
using proportions and compared using y* or Fisher’s exact
test to account for low expected numbers. RRs of TB treat-
ment LFU during the first 8 weeks of treatment and at the
end of treatment in the intervention group compared to the
control group were calculated. Multivariable analysis was
not performed, because of the risk of overfitting due to the
small number of events. Other secondary study outcomes
were analyzed using summary statistics alone. All analyses
were conducted as “modified intention to treat” (excluding
patients who died, were transferred out, or stopped treat-
ment on doctor’s orders during the intervention period of the
study) and using Stata version SE 11.2 (StataCorp, College
Station, TX, US).

Results

A total of 354 consecutive patients initiating TB treatment
were assessed for eligibility to participate in the intervention
group. Of these, 183 were enrolled in the study and 171 were
excluded on the basis of the predefined eligibility criteria
(Figure 1). We did not complete enrolment, due to funding
restrictions and the results of an interim analysis performed
in September 2011 prompted by lagging patient enrolment
(see Supplementary material). Twelve participants did not

complete the study exit visit as they became lost to FU (n=1),
died (n=9), or had been transferred out (n=2). These patients
did not contribute toward the qualitative study outcomes.
Baseline characteristics of the participants included are sum-
marized in Table 1. The control group had a higher propor-
tion of extrapulmonary TB and retreatment diagnoses. The
characteristics of the excluded participants did not differ from
those that were included (see Supplementary material).

TB-treatment outcomes and risk of LFU
Treatment outcomes at the end of the study period and at
the end of treatment were similar between the two groups
(Table 2). There was no statistical evidence for a difference
in the risk of LFU during the first 8 weeks in the intervention
group compared to the preintervention control group (one
of 183 compared to six of 302, RR 0.27, 95% CI1 0.03-2.07;
P=0.22). The group of patients who initiated TB treatment
during the same period but who were not enrolled in the study
had no different risk of LFU at 8 weeks compared to the
preintervention control group (RR 0.31, 95% CI 0.04-2.37,
P=0.27). The mean self-reported adherence to TB treatment
among the intervention group participants who completed the
study exit visit was 98% (SD 7.2%), and their self-reported
adherence to ART was 99% (SD 7.5%).

Knowledge on TB-HIV issues

At enrolment, intervention group participants answered an
average of six of eight questions on TB-HIV knowledge
correctly (n=171, SD 1); 90% (n=155) had been counseled by
the dedicated TB-HIV counselor at TB treatment initiation,
the majority of which had taken between 30 and 60 minutes.
At completion of the study, the average of correct answers
increased to seven of the same eight questions (SD 0.7). The
median increase in correct answers between study entry and
exit was 1 (IQR 0-1).

Participant satisfaction with SMS-reminder

service

No participant reported adverse consequences as a result
of other phone users reading their messages, although
46 (85%) thought the other users objected to them. None of
the study participants (sharing or not sharing their phone)
were forced to disclose their TB or HIV diagnosis because
of the intervention.

A total of 165 (96%) participants rated the text mes-
sages as helpful or very helpful, and none as not helpful.
The majority (84%) found the message frequency just right,
7% not frequent enough, and 4% too frequent. Participants
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Control arm

Intervention arm

Assessed for eligibility (n=408)

Assessed for eligibility (n=354)

Excluded (n=171 [48%])
42 (25%) transfer in?
33 (19%) no access to phone®

Excluded (n=106)

A4

106 (26%) no phone number

32 (19%) illiterate & no literate buddy®
26 (15%) diagnosed on ward
8 (5%) confidentiality issues

A4

v

5 (3%) too ill to undergo study
procedures

5 (3%) mental confusion

20 (9%) other reasons

A4

Enrolled (n=302)

Enrolled (n=183)

y

Received SMS reminders (n=183)

v

v

Death (n=19)
Transfer out (n=6)
Doctor stopped treatment (n=3)

Transfer out (n=2)
Doctor stopped treatment (n=0)

Death (n=9)

A4

A 4

Analyzed (n=274)

Analyzed (n=171)

y

A4

Loss to follow-up (n=6)

Loss to follow-up (n=1)

Figure | Study flow diagram.

Notes: *Eligible for inclusion if treatment started =<2 weeks before screening, after protocol amendment; *of whom five also had confidentiality issues and | | were illiterate;

‘of whom four also had confidentiality issues and | | had no phone.
Abbreviation: SMS, short-message service.

rated all the specific types of messages (reminder messages
94%, interactive quizzes 92%, and appointment reminders
94%) as equally helpful. None of the participants found the
messages intrusive. A quarter of participants stated they did
not always understand the messages, due to the technical
language used (28%).

Appointment reminders were generally found to be help-
ful; one participant noted “Mum would give me [money for]
transport without hesitation”, and another “There was no
money in the village but when aunt reminded me they gave
me [money for] transport”. These messages were found to be
useful for logistical issues: “... to remind me [to] pick [up]
streptomycin which I forgot in the clinic” and ... helped

call the clinic to request for change of appointment while
far”’; 92% of participants reported that the reminders helped
them to remember their appointment and encouraged clinic
attendance: “Was encouraged to come to clinic, even during
the time of riots”.

Despite rating the messages as helpful, 46% of partici-
pants stated they replied to quizzes sometimes (n=79), 29%
always (n=49), and 25% (n=43) never. This self-reported
participation was higher than the actual participation
(estimated at below 10%). Reasons for not replying were
varied: the messages and instructions were confusing, the
participants were “weak”, had busy schedules, had phone
problems (no network or credit, a faulty phone), did not
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Table | Baseline characteristics

Controls Intervention P-value
n=302 n=183 Cvsl
Sex (female), n (%) 151 (50) 98 (54) 0.45
Age (years), mean (SD) 37 (8.6) 35 (9.4) 0.08
Type of TB, n (%)* <0.001
Smear-positive 103 (34) 61 (33)
Smear-negative 61 (20) 45 (25)
Extrapulmonary 138 (46) 68 (37)
Treatment categories, n (%) <0.001
New 248 (82) 155 (84)
Retreatment 53 (18) 14 (8)
Other | 0
Missing 0 14 (8)
On ART at TB diagnosis, n (%)° 103 (34) 61 (33) 0.86
Baseline CD4 count (cells/mm?), 155 (49-310) 145 (37-293) 0.58
median (IQR)
Marital status, n (%)
Single NA 19 (1)
Married/cohabiting NA 77 (42)
Divorced/separated NA 56 (31)
Widowed NA 31 (17)
Own a phone, n (%) NA 143 (78)
Share your phone with others  NA 6 (of 143)
Share a phone belonging to NA 40 (of 40)
someone else (daily access)
If sharing a phone: disclosed? ~ NA 46 (of 46)
Literacy, n (%) NA 174 (95)
Distance from home to clinic, n (%)° 0.63
<10 km 225 (75) 141 (77)
=10 km 76 (25) 42 (23)

Notes: °In nine of 183 (intervention group), no type of TB was recorded in the
routine database; ®in one of 302 (preintervention control group), no address to
determine distance to Infectious Diseases Institute was recorded.

Abbreviations: C, control; |, intervention; NA, not available (collected for
intervention group only).

recognize the symptoms in the message, or felt no need to
reply. Many commented on the complexity of the messages
and their frustration at trying to send a reply that was not
recognized by the system. Response rates did not differ by

Table 2 Treatment outcomes at the end of the intervention
period and end of follow-up (end of treatment)

8 weeks (n, %)* End of treatment (n, %)**

Control Intervention Control Intervention
(N=302) (N=183) (N=302) (N=183)
Completed 268 (88.7) 171 (93.4) 224 (74.2) 128 (70)
LFU 6(2) | (0.5) 13 (4.3) 8 (4.4)
Died 19 (6.3) 9 (4.9) 47 (15.6) 27 (14.8)
Failure NA NA 2(0.7) 527
Transfer out 3 (1) 0 5(1.7) 5(2.7)
Self-transfer 3 (1) 2(1.1) 5(1.7) 6(3.3)
Other 3(1) 0 6 (2) 4(2.2)

Notes: *P=0.43; **P=0.46.
Abbreviations: LFU, loss to follow-up; NA, not applicable.

education level. On the whole, participants were keen for
more information. Eight of 13 participants who gave addi-
tional input suggested the service should be continued up to
the end of treatment.

Usage and technological barriers of the

SMS reminder service

Of the 171 patients who completed the study exit question-
naire, 155 (91%) reported having received all expected text
messages. A total of 45 (26%) reported that they had been
unable to use their mobile phone for a median duration of
14 (IQR 5-28) days during the period of the intervention.
Reasons included having their phone stolen (18%), no longer
having access to the shared phone (24%), not being able to
charge the battery (26%), and the phone getting damaged
or broken (26%). Of the 46 participants (25%) that shared a
phone during the 8 weeks of the SMS reminders, six (13%)
did not have daily access to it.

Messages were not delivered to participants when a
particular network provider had interrupted service. These
interruptions were generally short (a few days), but one par-
ticular network provider had an interruption of 6-8 weeks
(between September and October 2011, possibly affecting
three participants enrolled at that time). To improve stability
and performance, the implementing mobile technology
partner TTC decided to upgrade their network server in
April 2011 (halfway enrolment). As an unforeseen conse-
quence of this, some of the data collected on sent and received
text messages before the upgrade became irretrievable. The
final database from TTC contained phone numbers of 178
of the 183 participants in the intervention group. However,
no data on sent and received messages were recorded for
80 of these 178 (45%) participants. Therefore, we cannot
reliably report on exact numbers of texts sent and received.
The data that we were able to analyze showed a response
rate of 13% (599 responses received to 4,741 quizzes sent).
Furthermore, a large proportion of responses were sent in a
text format unrecognizable by the server (not in the required
format “<<question number><space><<Answer Nr>""; see
Supplementary material).

Discussion

During an SMS reminder service in the first 8 weeks of TB
treatment, only one of 183 enrolled participants became
lost to FU from TB treatment. The primary outcome did
not differ from the control period; however, this was due to
unexpectedly low LFU rates in the study population in the
control period, likely due to improvement in care resulting

submit your manuscript

1484

Dove

Patient Preference and Adherence 2017:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

SMS for TB adherence

from integration of TB and HIV services that occurred after
study inception.'® The new “one-stop shop” model of care
was implemented in January 2009, and included a dedicated
medical officer and counselor responsible for the care of both
diseases at the same time. Improved tracing of patients also
led to improved outcome ascertainment, and likely accounts
for the lower risk of LFU than prior to integration.
Considering the good evidence to suggest increased
adherence to HIV treatment in a similar setting,%** there has
been interest in the potential of mobile-phone services in
improving TB treatment adherence and outcomes.® A cluster-
randomized controlled trial in China showed no effective-
ness of daily SMS reminders in improving adherence to TB
treatment, but LFU was reduced by 58%.!° Another recent
randomized trial of daily interactive two-way reminders in
Pakistan showed no difference in treatment completion.'!
Results of other published studies are encouraging, despite
the potential for substantial bias due to suboptimal study
designs.*® A small randomized controlled trial (n=37) found
higher self-reported adherence among Argentinean TB
patients receiving biweekly educational text messages and
interactive SMS-based reminders compared to those that did
not.” A pilot study in Cape Town found that 221 TB patients
who received SMS adherence and appointment reminders had
similar outcomes to patients who received standard of care
(DOT).?® However, the lack of effect was attributed to poor
implementation of the SMS service, due to logistical issues.
In northern Thailand, Kunawararak et al compared treatment
outcomes of 49 TB patients who received daily reminder
phone calls to those who did not.?” Treatment completion was
higher in those who received calls than in those who did not
(100% versus 59%). An unpublished nonrandomized Kenyan
study found increased TB-clinic attendance when sending
SMS appointment reminders 1 day in advance,? and this was
confirmed by a systematic review on the effect of reminders
on clinic attendance in general.?” Other initiatives have incor-
porated text messaging with other mobile phone applications,
such as interactive voice responses, video-based DOT, and
medication dispensers with GSM communication chips.3*°
Despite its lack of power to assess effectiveness, our study
gives important insights into the feasibility of implementing
mobile-phone services in TB care in SSA. Currently there is
a lack of data on this topic, which is essential to inform best
implementation practices.® Participants rated the intervention
highly, which confirms data from Peru and China showing
positive perceptions of TB patients on the use of SMS to
improve adherence.’!*? The acceptance of SMS reminders
and quizzes was very high, the messages were highly rated,

and there were no breaches of confidentiality. The service
increased communication between the clinic and patients, and
as such was a good adjunct in a highly functioning TB-HIV
clinic where baseline counseling and TB knowledge was
good and LFU rates low.

High rates of illiteracy and mobile-phone sharing halved
the number of eligible patients. In addition, there were sig-
nificant technological issues with the automated messaging
service (problems with scheduled messages, undelivered
messages, participants’ difficulty in responding to quizzes).
Almost a quarter of participants reported interruptions in use
of their mobile phone for a significant period during the inter-
vention. Despite better treatment outcomes than expected in
our study, these difficulties likely limit the potential impact
of similar interventions to improve health-care outcomes.

Also, there were very low response rates to the interac-
tive quizzes. Evaluations of SMS quizzes for the purposes
of health education among the healthy population in Uganda
have also shown low response rates (below 10%), despite
additional monetary incentives.””> Among a subgroup of
highly active subscribers of one mobile-phone provider
in northern Uganda, the response rate to HIV quizzes was
21%.* The free HIV counseling and testing services offered
as a reward were only accessed by one of ten responders.
These issues raise questions about using bidirectional text-
messaging interventions as the principal communication
method between clinics and their patients.

The successful mobile-phone intervention for ART
adherence in Kenya used a generic bidirectional weekly
text message coupled with FU phone calls if participants
did not respond within 48 hours, or if they responded that
they were in need of assistance.?* A feeling of “being cared
for” was hypothesized as a potential mechanism of action.
Simple daily SMS reminders have been shown not to be
effective.’ Also, since study inception, it has become clear
that a high frequency of messages can lead to message
fatigue.®** This could explain the lack of effectiveness in the
China and Pakistan trials.'®!" Our intervention frequency of
four messages a week could thus have limited the potential
for effectiveness.

Based on these reports and on our experience, we believe
that future mobile technology interventions to improve
adherence to TB control in resource-limited settings should
be greatly simplified. We implemented the intervention in
a highly functioning TB-HIV integrated urban clinic with
relatively high staffing and where patient education was
very good, as shown by the postcounseling TB-test scores.
Mobile-phone interventions may have a greater potential in
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rural settings, where adjunctive interventions to fill health-
workforce gaps may have greater impact. There is a need for
large, high-quality randomized controlled trials to explore
the optimum frequency and content of text messaging and its
effectiveness, and to answer questions about phone coverage
in rural areas, phone sharing, and confidentiality. Interven-
tions tailored to the setting could be explored; reminders
could be sent to community health workers providing DOT
in rural areas instead of to the patients, as successfully piloted
in Malawi.*® Comparisons are also needed across different
mobile phone applications or modalities to determine the best
way to offer treatment support using this technology.

Study limitations included the use of a preintervention
control group: temporal changes could have influenced study
outcomes, irrespective of the intervention. The mobile phone-
access eligibility criteria were not the same between the inter-
vention and control group, which could have led to selection
bias. However, the availability of a phone number in the TB
register is suggestive of access to a mobile phone (either their
own or shared access), and the relative similarity in propor-
tions of patients excluded due to the lack of a mobile phone
(access or number in the register) suggests comparability.
A quarter of participants felt the language used was too tech-
nical, despite our attempts to use simple language; piloting
of the questions beforehand would have been beneficial. Due
to the nature of the intervention, the study participants, the
study nurse and the outcome assessor for the preintervention
control group were not blinded to the exposure status of the
participant. Tracing of LFU participants was the same in
both groups. Lastly, this study was only among TB-HIV
coinfected patients, which might impact the generalizability
of our results. However, we have no reason to believe that
the potential impact of the intervention would be different
among HIV-negative TB patients.

Conclusion

An SMS reminder service did not show an effect on short-
term risk of TB treatment LFU in this study, which was
underpowered due to a lower-than-anticipated participant-
recruitment rate and LFU risk in the control group. The SMS
reminder service was highly rated, and there were no breaches
of confidentiality, though substantial technological barriers
have implications for larger scale implementation, not only
for TB but also other disease modalities.
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