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ABSTRACT

Background & Aim: The success of the TB control program is closely related to patient adherence
to treatment. Previous studies have provided many views regarding the use of variants of mHealth
on TB patient adherence, but the results still need to be clarified. This review aims to evaluate and
provide an overview of mHealth RCTs on medication adherence in the patient with tuberculosis.
Methods & Materials: The PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guideline was followed to report study findings. A literature search for studies in
the period of 2018-2022 in PubMed, Cochrane, CINAHL and Sciencedirect databases was
conducted. Randomized controlled trials (RCTs) that analyzed the effect of mHealth on medication
adherence outcomes (treatment completion, treatment adherence, missed doses, and non-completed
rate) were included. Adult patients with either active or latent TB infection were included. The
Cochrane ’Risk of bias’ assessment tool was used to assess the risk of bias of eligible studies.
Result: Overall, searches on databases generated 2,607 articles, and only 18 articles met the
criteria. Two authors independently screened and extracted data from eligible studies. There are two
devices used in mHealth in the last five years: software (SMS, We chat, and Whatsapp) and
hardware (MERM, eDOT, WOT). Based on descriptive analysis, the hardware mHealth is superior
to the software mHealth. Close monitoring and measurement of the use of DOT hardware
demonstrates the accuracy of treatment success.

Conclusion: It was found that mHealth interventions can be an advantageous approach. However,
the interventions showed variable effects regarding the direction of effect and the rate of

improvement of TB treatment adherence and clinical outcomes.

Keywords: Tuberculosis; eHealth; digital health; Adherence; digital adherence.
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INTRODUCTION

Tuberculosis is a disease that requires the sufferer's adherence to a standardized treatment program
to completely get rid of Mycobacterium, which is the main cause of this disease, from the sufferer's
body [1-3]. A total of 1.6 million people died from TB in 2021 (including 187,000 people living
with HIV). Worldwide, TB is the 13th leading cause of death and the second infectious Killer after
COVID-19 (above HIV/AIDS). TB is a treatable and curable disease. Drug-susceptible TB disease
is treated with a standard 4-month or 6-month course of 4 antimicrobial drugs (isoniazid and
rifampicin) that are provided with support to the patient by a health worker or trained treatment
supporter [4]. The high number of TB cases worldwide is part of patient non-adherence with
treatment programs, which allows for an increase in new TB cases [5]. Non-adherence of TB
patients to treatment can be seen from the large number of TB patients who are resistant to standard
therapy or what is known as Drug Resistant-Tuberculosis (DR-TB). There are 157,903 Drug
Resistant-Tuberculosis (DR-TB) cases in 2020 [6]. To overcome this situation, since 1995 WHO
has introduced the DOTs (Directly Observed Treatment, Short-course) strategy. The study states
that knowledge is the biggest variable in this aspect of non-adherence, without neglecting other
variables such as attitudes and behaviour of TB patients [7]. For this reason, the focus of TB control
should be on increasing compliance and changing patient behaviour [8].

The World Health Organization (WHO) has provided a good strategy for managing TB, primarily
targeting patient compliance, which has long been known as Directly Observed Treatment (DOT).
The strategy consisted of standard treatment using Rifampicin for six months for new cases and
eight months for repeat cases [9]. These repeat cases were patients who had dropped out of
treatment or failed to undergo previous treatment [10,11]. So, the DOT strategy and program are
fine. This strategy requires a better approach and is adapted to the conditions of society. The
limitations of the officers who will run this program should be a consideration for the birth of

innovations to find which approach is better to do to significantly improve and change the
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compliance and behaviour of TB patients [12,13]. The birth of a very progressive digital technology
that began in the 20th century can be the main choice in solving the problem of treating tuberculosis
in the community through innovations in delivering pre-existing programs [14]. In several decades,
studies on the use of digital technology to improve TB patient adherence and behaviour have
increased sharply in various parts of the world.

The term commonly known today for using mobile devices to support public health care and
practice is 'mHealth, as introduced by WHO. mHealth also includes all mobile devices that use
wireless or Bluetooth technology [9]. mHealth is particularly suitable for adherence interventions,
as it involves using devices such as smartphones, Personal Digital Assistants (PDAS), tablets and
many others [15-18]. These devices support several media, such as Short Messaging Services
(SMS) or text messaging, voice or video calls, and specialized software applications (Apps) [15].
Previous studies involving mHealth included Liu and his team, who used a telephone reminder
system to increase TB patient compliance [11]. In addition, there are studies using media SMS to
serve as reminders for TB patients with good results [19-21].

Based on our initial search of the available studies, the results still need to be clarified. There are no
results that show the certainty of the effectiveness of mHealth used. In addition, most of the studies
over the five years showed that mHealth variations were similar. Likewise, previous review studies
evaluate a lot from just one mHealth variant. To that end, the current review aims to evaluate and

provide an overview of mHealth RCTs on medication adherence in the patient with tuberculosis.

METHODS
Design
This review was compiled based on the 2020 Preferred Reporting Items for Systematic-

review and Meta-Analysis (PRISMA) guidelines [22].
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Eligibility Criteria

This review was restricted to studies published in English, and included studies published through
2018 to 2023. Study types were limited to RCTs. In this review, an intervention for adherence and
behaviour were defined as any strategy (e.g., self-management for diseases, and medication
reminder) to change or maintain patient’s adherence and behaviour to improve health. We included
studies on interventions that used mobile devices (wireless and portable electronics including
cellular phones, wearable devices, laptop, personal assistance devices, and tablet PC) or mobile
technologies (any technologies that enable communication with remote areas, such as phone call,
video call, short messaging service [SMS], multimedia messaging service, online-chat, and email)
to promote medication adherence. Observational study, non-intervention study, case report, study

protocol, and commentary were excluded in this review.

Information Source
A literature search was performed on several reputable databases, such as PubMed, Sciencedirect,

CINAHL, and Cochrane. The search was carried out in the period November 2022 to January 2023.

Search Strategy
The keyword structure was compiled based on study population, intervention, comparison,
outcome, and design were developed for the specific databases used. The search strategies for each

database provided in the search string table (Table 1).

Selection Process
Two authors independently screened all titles and abstracts from the collected literature. Then read
the entire text of each article to assess its eligibility based on predetermined inclusion criteria.

Discrepancies that arise are resolved through discussion, even if it is possible to ask for the
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consideration of the first author. The selection process is described in detail in the PRISMA

diagram.

Database Keywords Combination

PubMed (“technology”[tw] OR “digital adherence”[tw] OR “mHealth”[tw]
OR “mobile health”[tw] OR “mobile app”[tw] OR “mobile apps”[tw]
OR “mobile application”[tw]) AND (“medication adherence” [Mesh]
OR “adherence”[tw] OR “concordance”[tw] OR “compliance”[tw]
OR  “nonadherence”’[tw] OR “noncompliance”[tw] OR
“nonconcordance”’[tw]) AND (“tuberculosis/drug therapy”’[Mesh] OR
“tuberculosis  infection”[tw] OR  “tb”’[tw] OR  “active
tuberculosis”[tw] OR “latent tuberculosis”[tw] OR “pulmonary
tuberculosis”[tw] OR “extrapulmonary tuberculosis”[tw]).

Cochrane (“technology” OR “digital adherence” OR “mHealth” OR “mobile
health” OR “mobile app” OR “mobile apps” OR “mobile
application”) AND (“medication adherence” [Mesh] OR “adherence”
OR “concordance” OR “compliance” OR “nonadherence” OR
“noncompliance” OR “nonconcordance”) AND (“tuberculosis/drug
therapy” [Mesh] OR “tuberculosis infection” OR “tb” OR “active
tuberculosis” OR “latent tuberculosis” OR “pulmonary tuberculosis”
OR “extrapulmonary tuberculosis™)

CINAHL (“technology” OR “digital adherence” OR “mHealth” OR “mobile
health” OR “mobile app” OR “mobile apps” OR “mobile
application”) AND (“medication adherence” [Mesh] OR “adherence”
OR “concordance” OR “compliance” OR “nonadherence” OR
“noncompliance” OR “nonconcordance”) AND (“tuberculosis/drug
therapy” [Mesh] OR “tuberculosis infection” OR “tb” OR “active
tuberculosis” OR “latent tuberculosis” OR “pulmonary tuberculosis”
OR “extrapulmonary tuberculosis”)

Sciencedirect (“technology” OR “digital adherence” OR “mHealth” OR “mobile
health” OR “mobile app” OR “mobile apps” OR “mobile
application”) AND (“medication adherence” [Mesh] OR “adherence”
OR “concordance” OR “compliance” OR “nonadherence” OR
“noncompliance” OR “nonconcordance”) AND (“tuberculosis/drug
therapy” [Mesh] OR “tuberculosis infection” OR “tb” OR “active
tuberculosis” OR “latent tuberculosis” OR “pulmonary tuberculosis”
OR “extrapulmonary tuberculosis™)

Table 1. Search string in databases

Data Extraction

DM and SR conducted eligibility evaluation based on the title and abstract. The full texts of
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potentially eligible articles were retrieved and assessed by DM, SR and MD conducted further
independent verification of the abstract and full-text screening. Any disagreements among the
reviewers were resolved by discussion. Data from the selected articles were extracted by DM, SR,
MD and then verified by RM for relevant information, such as publication year, type of mHealth

intervention, setting, population, main findings, and control groups.

Assessment of risk of bias in included studies

Two review authors independently assess the risk of bias of each included trial using the Cochrane
"Risk of bias’ assessment tool, and discuss any differences of opinion (Higgins et al., 2011). In the
case of missing or unclear information, we will contact the trial authors for clarification. The
Cochrane approach assesses risk of bias across six domains: sequence generation and allocation
concealment (selection bias), blinding of participants and personnel (performance bias), blinding of
outcome assessors (detection bias), incomplete outcome data (attrition bias), selective outcome
reporting (reporting bias), and other potential biases. For each domain we will record the methods
used by the trial authors to reduce the risk of bias and assign a judgment of either "low’, *high’, or

’unclear’ risk of bias.

RESULTS

Overall search on databases resulted in a total of 2,607 articles. After removing 2070 articles for
duplication, ineligibility and other reasons, 537 articles were left ready for screening. In the end, 18
articles were declared eligible to be included in this review study after removing 16 articles for
reasons including not being an RCT study, not being focused on TB, and being a protocol study.

In full regarding the process of searching for articles can be seen in figure 1, while, in table 2 we

reported the characteristics of the articles included in our study
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& Sciencedirect (n= 1964) by automation tools (n=
© 1874)
n= 2607 Records removed for other
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Records screened Records excluded**
(n=537) ———| (n=503)
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Reports sought for retrieval Reports not retrieved
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=
=
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©
5 v
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(n=34) —_— Quasy experimental (n= 4)
Not focused on TB (n= 3)
Study protocol (n=9)
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v
= Studies included in review
2 (n=18)
= Reports of included studies
| | (=18
Figure 1. Flow diagram of the studies selection
Author, Types of .
Year, Ty_p(_es of mHealth Duration Control Evaluation Main findings
participants . . method
Country intervention
Acostaet | 53 patients at | Medication 4 months Administered Treatment | Treatment success
al., 2021, | the end of the | Event Reminder DOT in the PHC completion 1.15 (1.02-1.30)
Peru [23] | first phase of | Monitor System by a nurse from (P-value 0.0322)

the DOT-based
treatment

(MERM)
consisted of an
electronic
dispenser
pillbox, a web
server and text
messaging

the TB
programme staff,
who supervised
treatment
administration in
the patients’
mouth and
recorded it in the

- Patients who

missed at least
one dose 0.79
(0.40-1.56) (P-
value 0.498)

- Patients with 10%

of total doses
missed 0.15
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TB treatment
register as
specified in the
national
guidelines

(0.02-1.21) (P-
value 0.0613)

Ali & Newly Text messages 6 months Standard of care Face to face | The patients in the
Prins, diagnosed, every 48 hours interview intervention group
2019, smear positive | during the first had higher cure
Sudan pulmonary TB | 2 months and rate 58 /74
[24] Cases= 74 hereafter (78.4.0%)
Control=74 weekly till the compared to 44
end of (59.5) of the 74
treatment. patients in the
Telephone call control group (P-
at least once value 0.020; OR:
during the first 2,472, 95%
week of their Cl:1.133 —5.434).
treatment
Bao et Newly Health 3 months Routine medical Web-based Self-management
al., 2022, | diagnosed education in and nursing care questionnair | of health
China active WeChat groups, in the TB clinic, e, a self- behaviours
[25] pulmonary TB, | web-based including designed (P<.001)
and health education supervision of structured
hospitalized. lectures, and their medications. | scale
Intervention= | receiving health Meanwhile, the
59 education plans pharmacist also
Control=53 as well as created a WeChat
routine medical group for the
and nursing control group to
care such as allow patients to
supervision of communicate with
their each other but
medications, without any
which intervention.
continued for 1
month
Bediang | Newly The usual care | 6 months The usual care a self SMS reminders
etal., diagnosed SS | (selective DOT) (selective DOT) evaluation do not statistically
2018,Ca | +PTB and free and questionnair | significantly
meroon Intervention= | daily SMS e increase
[26] 137 reminders proportions of the
Control= 142 treatment success
at 5 months (OR
=1.45[0.81,
2.56]; p = 0.20)
and the cure at 6
months (OR=
0.96 [0.59-1.57];
p =0.88)
Boutilier | Patients being [ Patients 6 months Standard The patient’s | Most effective for
etal., bacteriological | received an treatment sputum high- risk
2022, ly diagnosed SMS message smear, patients. 7.95
Kenya with TB by every day, treatment (95% Cl 4.6 to
[27] smear reminding them completion 11.4) P<0.001
microscopy, to take their
culture or medication.
GeneXpert - Patients were

Intervention=6
09

expected to
verify their
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Control=580 treatment
adherence
every day,
using an USSD
interface.
Browne | TB patientsin [ Wirelessly 12 months | Standard of care Calculation No statistical
etal., the observed treatment of WOT difference
2019, US | continuation therapy (WOT) PDA between WOT
[28] phase of and DOT arms
treatment who (median 93 versus
were smear- 101, p = 0.85)
negative and
taking
isoniazid plus
rifampin, with
no evidence of
drug-resistant
TB, and who
had complete
blood count
(CBC) and
comprehensive
panel (CMP)
values
Intervention=4
1
Control=20
Burzynsk | Patients with a | Electronic DOT | 12 months | In-person DOT, Observation | e-DOT was as
ietal., suspected, (live video- participants chose | form, an effective as ip-
2022, US | laboratory- conferencing or clinic or opinion DOT for assuring
[29] confirmed, or | recorded community-based | questionnair | high levels of TB
clinical videos). DOT e treatment
diagnosis of adherence.
TB disease, - The percentage
who were difference was -
prescribed oral 2.6%(95%Cl, -
anti-TB 4.8% to -0.3%)
medication
Group 1=113
Group 2=103
Gashu et | New drug- In addition to 4 months Routine care in The shorter |- Adherence to
al., 2021, | sensitive TB routine care, continuation form, 11- patient- centred
Ethiopia | patients. received weekly phase TB item TB treatment, the
[30] 152 pill refilling and treatment means Adherence difference was
intervention, daily patients take their | to Refill and | statistically
154 control medication daily medication Medication significant
reminders using at home with the Scale (p=0.0083)
graphics-based help of TB (ARMS) - No significant
and text treatment difference in
messages in the supporters (TTS) treatment success
local language between
(Amharic) intervention and
control groups
(p=0.1238)
Guptaet | Newly Patient received | 6 months did not receive Interviews | The risk of
al., 2020, | diagnosed daily SMS any SMS and adverse outcomes
India Category | reminders in followed the usual was lower in
[31] Tuberculosis Hindi language DOTS program intervention
patients on under the group vs control
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DOTS
Intervention=1
55
Control=156

,,HEAL-TB*
banner

group (OR; 95%
Cl: 0.57 (0.35-
0.96)).

The risk of missed
doses of
treatment was
lower in
intervention
group (OR; 95%

Cl: 0.33 (0.12-
0.90))
Johnston | Patients were Standard LTBI 12 months | Standard LTBI the SF-12 - No significant
etal., diagnosed with | care, and The care questionnair | difference the
2018, LTBI, and SMS e proportions of
Canada starting 9 intervention participants
[32] months of involved a meeting the
daily isoniazid | weekly text primary end-point
(9INH) message (P=0.550)
therapy - The median SF-
Intervention=1 12 mental
70 composite score (
Control=188 p=0.471)
Kibu et B The single way | 3 months Only the Alogbook to - No differences in
al., 2022, | participants (healthcare treatment and the | register all the Adherence to
Cameroo | had a provider sends standard care SMS text ART among the
n [33] confirmed messages and provided at the messages Participants in the
diagnosisand | expects no reply treatment centres | sent and Single Way and
had been on from the replies Double-Way
treatment for patient) and the received SMS and the
at most 3 double way Control groups (P
months. (healthcare = 1.000)
Intervention=1 | provider sends - No statistically
02 messages and significant
Control=51 expects a reply difference in
from the adherence to TB
patient) Treatment
between the
groups (p =0.101
and 0.168,
respectively)
Louwagi | Drug-sensitive | Three brief Ml | 9 months The usual care - The - The OR of being
eetal, pulmonary counselling and routine routinely cured was 1.16
2022, tuberculosis sessions were treatment and collected TB | (95% CI 0.83 to
South- (PTB) and reinforced with support offered to | treatment 1.63) in the
Africa were initiating | follow-up SMS patients with TB outcomes in | intervention vs
[34] TB treatment text messages, in South Africa patients’ the control arm
or had been on | two times per individual | The OR of taking
TB treatment week over 12 files ART medication
for lessthana | weeks - Sputum was 2.05 (95% Cl
month smear 0.80 t0 5.27)
Intervention=2 comparing the
83 intervention arm
Control=291 to the control arm
Manyaze | New or An electronic 2 months The standard - Adherence Non-significant
wal et previously pillbox that DOT practice records difference in
al., 2022, | treated, records visited the compiled Adherence to TB
Ethiopia | bacteriological | adherence to healthcare facility | from the medications
[35] ly confirmed treatment, each day MERM between the two
drug-sensitive | stores throughout the 2- | device vs. arms (mean ratio
pulmonary TB | medication, month intensive DOT [MR] 1.00 [95%
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Intervention=5 | emits audible phase records C10.99-1.01];p =
7 and visual alerts - Sputum 0.954)
Control=57 to remind smear
patients to take
their
medications,
and enables
healthcare
providers to
monitor
adherence.
Manyaze | New or The patient 2 months The standard - The The GM TSQM
wal et previously instruction label DOT practice Treatment score was
al., 2023, | treated, was placed Satisfaction | significantly
Ethiopia | bacteriological | inside the Questionnai | higher in the
[36] ly confirmed MERM device, re for intervention vs
drug-sensitive | placed a 15-day Medication | the control across
pulmonary TB | supply of TB (TSQM the three domains:
Intervention=5 | medication in v1.40) global satisfaction
2 the medication [90.19 vs 67.11,
Control=57 storage area of 95% ClI 1.34
the MERM (1.26-1.43),
device, and p<0.001],
gave the entire effectiveness
device to the [85.78 vs 63.43,
participant for 95% CI 1.35
medication self- (1.26-1.45),
administration. p<0.001], and
The participants convenience
returned every [85.41 vs 48.18,
15 days 95% CI 1.77
(1.63-1.93),
p<0.001]
Nedsuwa | Newly The CARE-call | 6 months TB education, - Focus group | Treatment success
netal., diagnosed TB | system to post-prescription discussion between the two
2019, patient, being | monitor the counsellingbya | groups were not
Thailand | prescribed medication pharmacist, pill significantly
[37] first-line TB adherence. The count for different (p=
drugs system medication .675)
Intervention=5 | comprised three adherence rate - In qualitative
0 main calculation, urine analysis: the
Control=50 components. colour system can
Those were a observation, a enhance good
mobile- short interview patient adherence
equipped pill through the four
box called a characteristics:
CARE-Box for connecting,
TB patients, a affordable,
mobile phone reminding and
for a TB clinic enabling
health staff
member, and an
SIM card-based
computer server
Santraet | On DOTS mHealth 3 months Standard care - MGLS - Significant
al., 2021, | therapy for a package differences
India minimum comprising of between
[38] period of 30 30 unique text- intervention and
days and a messages in the control group at
maximum of local language, end-line
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90 days
Intervention=1
10
Control=110

Hindi and a
weekly real-
time two-way
phone call that
lasted for
approximately
10 min.

(P<0.005)

Wagstaff | Patientswho - The first 3 months Standard care - The - SMS recipients
etal., are considered | intervention percentage were more likely
2019, possible TB group (SMS1) of recruits to return to clinic
South- cases received a returning than the control
Africa Intervention 1 | simple SMS - Cape group (P 0.001)
[39] =163 reminder to Town’s
Intervention return to the Patient
2=155 clinic to collect Record and
Control=97 their TB test Health
results Managemen
- The second t
intervention Information
group (SMS2) System
received a (PREHMIS)
longer SMS
message
reminding them
to return to the
clinic
Haslinda | Newly TB@Clicks: 2 6 months Reminder Record in - no significant
& Juni, diagnosed with | phases, messages through | Health difference in
2019, smear or educational WhatsApp at 1-, Clinic (TBIS | adherence rate
Malaysia | bacteriological | phase-health 2-, 3- month after | 10-1) between the
[40] ly positive or education received the groups (P=0.121)
negative messages intervention - no significant
pulmonary through module. difference of
tuberculosis WhatsApp treatment success
(PTB) within one-day rate between
Intervention=5 | period during groups (P=0.065)
5 intensive phase. - intervention
Control=55 sustainability module using

phase-reminder
messages
through
WhatsApp at 1-,
2-, 3-month
after received
the intervention
module

WhatsApp has no
significant effects
to the adherence
rate among PTB
patients
(P=0.174)

- the intervention
group are 4.1
(95% Cl = 1.16-
14.87, p=0.03)
times more likely
to have
successful
treatment than
that of patient
who was not
received any

intervention

Table 2. Characteristics of Studies Included
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Summary of Risk of Bias assessment
The risk of bias in eligible studies using The Cochrane Collaboration's tool resulted in the

conclusion that there were four studies with a high risk of bias and one unclear.

Risk of Bias Domain
BPP BOA |

Author

Acosta et al. [23]

Ali & Prins, [24]

Bao et al. [25]
Bediang et al. [26]
Boutilier et al. [27]
Browne et al. [28]
Burzynski et al. [29]
Gashu et al. [30]
Gupta et al. [31]
Johnston et al. [32]
Kibu et al. [33]
Louwagie et al. [34]
Manyazewal et al. [35]
Manyazewal et al. [36]
Nedsuwan et al. [37]
Santra et al. [38]
Wagstaff et al. [39]

Haslinda & Juni [40]
*RSG= Random sequence generation, AC= Allocation Concealment, BPP= Blinding Of Participants and Personnel,
BOA= Blinding of Outcome assessment, IOD= Incomplete Outcome Data, SR= Selective Reporting; H= High risk of
bias; U= Unclear risk of bias; L= Low risk of bias.

py)
()
>
(@)

Tr|T|r|r ez e e e - | @
mirlclelr i ieimlelrr e e e e e
T T|ClCiririr|ir|icC|lT|T|ic|T|ir|ir|ir|xT|x
il (il el Do Pl el Dl Pl el el P P Pl Pl Pl Pl T
II—II—I—I—I—II—I—CI—I—CI—I—I—I—8
TrizicirrrrrTzie e e e eererg

Characteristics of eligible studies

Studies on using m-health applications as innovations to improve adherence, change behaviour, and
the success of TB treatment in the last decade have shown a significant increase. We have collected
18 RCT studies from several countries, including Ethiopia (n=3), South Africa (n=2), India (n=2),
Cameroon (n=2), US (n=2), and one study each in Thailand, Peru, Sudan, China, Kenya, Canada,
and Malaysia. The number of TB patients included in the study ranged from 61 to 1,189, ranging
from 18 to 60 years. Most of the studies involved participants newly diagnosed with TB based on
positive bacteriology, On DOTS therapy, smears, negative pulmonary tuberculosis (PTB), being

prescribed first-line TB drugs, and drug-sensitive pulmonary tuberculosis (PTB). The shortest
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duration of intervention given was two months, and the longest was 12 months.

m-Health intervention used

Based on the collected studies, the applications used include Short Messages Service (SMS),
Medication Event Reminder Monitor System (MERM), WeChat groups, USSD interface,
Wirelessly observed therapy (WOT), Digital Adherence Technologies (DATSs), Electronic DOT (live
video-conferencing or recorded videos), The CARE-call system, and TB@Clicks (Whatsapp).
Several m-Health collected from eligible studies can be broadly grouped into software and
hardware applications. In general, m-health applications that use software provide information as
reminders and TB education in writing or pictures. Through the SMS route, various interventions
are carried out, starting every day, every two days, twice a week, and every week [24,26,27,31—
34,38,39]. Through the We-Chat application, there is no time limit for interactions between patients
and supervisors taking medication; at any time, patients can discuss all obstacles and questions with
supervisors and fellow patients [25]. As for the Whatsapp application, studies report that in the
intensive phase, reminders are given to patients every day and 1 to 3 months after the intervention
package is carried out [40]. Through telephone calls, patients are also reminded and controlled by
supervisors. The duration of each phone call is 10 minutes [24,38].

The hardware used in the intervention includes the Medication Event Reminder Monitor System
(MERM), which is a pillbox dispenser that will sound an alarm at the set time to take medicine
[23,35,36]. This model is similar to another system called CARE box; it is just that, in this system,
when the lid of the box is opened, it will automatically make a missed call to the server [37].
Another device is Wirelessly Observed Therapy (WOT), a sensory device that enters the body to
record what the patient consumes, including TB drugs. The data stored on the sensor is linked to a
mobile device as information material for supervisors [28]. For E-DOT, a camera device records

real-time video of the patient's medication-taking activities; this system is also used to conduct
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video conferencing between supervisors and patients [29].

Effects of m-Health on TB patient adherence

In summary, m-Health, with its various variants, has a positive effect in that patients experience
increased adherence and changes in behaviour, even though this is not stated explicitly. Several
studies have found a positive effect on treatment success related to patient adherence, with P values
of 0.0322 [23,24], 0.88 [26], 0.001 [27], 0.85 [28], 0.1238 [30], 0.782 [31], 0.550 [32], 0.101 [33],
0.443 [34], 0.954 [35], 0.001 [36], 0.675 [37], 0.005 [38], 0.03 [40]. Meanwhile, changes in patient
behaviour can be seen in findings such as increased self-management behaviour with a P value
<0.001 [25], lower risk of missed doses [31], taking ART medication with an OR value 2.05 [34],
return to the clinic with a P value of 0.001 [39].

Comparisons between the intervention and control groups in all studies showed no significant
differences. However, the intervention using the m-Health variant showed superiority compared to
the control group, most of which were in the main form of standard care, Directly Observation
Treatment (DOT).

Using MERM, TB patient adherence to treatment is higher than the DOT standard, where TB
patients are 1.15 times more compliant when intervened with MERM than the DOT standard [23].
The patients in the SMS intervention group had a lower failure rate (6.8%; 5 of 74 patients)
compared to the control group (10.8%; 8 of 74 patients) [24]. In a study conducted by Bediang and
colleagues using m-Health in the form of SMS, treatment success was higher in the intervention
group compared to the control group (111 patients: 106 patients) [26]. Using SMS messages daily
and an unstructured supplementary services data (USSD) interface shows that the probability of
unsuccessful treatment outcomes for individuals in the intervention group is approximately 0.08
less than for individuals in the control group [41]. Browne and colleagues found that WOT was

superior to DOT in supporting confirmed daily adherence to TB medications, where (3,738 out of
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4,022) prescribed doses were confirmed in the WOT treatment, significantly different (p < 0.001)
from the 63.1% (1,202 out) of 1,904) of prescribed doses observed in the DOT arm [28]. One
hundred seventy-three patients completed the treatment program through the DOT electronic
intervention [29]. One hundred ten patients out of a total of 139 TB patients adhered to treatment
after intervention using a Mobile phone-based weekly refilling with a daily medication reminder
system [30]. Gupta and colleagues found that the treatment success rates in the intervention group
using SMS reminders were 86.4%, and the control group was 76.2% [42]. Louwagie and colleagues
found that after six months of text SMS intervention, 120 of 133 patients adhered to the TB
treatment given [34]. Manyazewal and colleagues using MERM found seven patients completed
treatment compared to the control group of 5 [35]. Nedsuwan and colleagues found that using the
mobile-based CARE-call system, the number of non-adherence patients in the intervention group
was significantly lower than that of the control group (7.5% vs. 27.5%) [37]. Santra and colleagues
found that the proportion of participants adherent to DOTS in the intervention group using phone
calls and text messages increased from 85.5% at baseline to 96.4% at endline, postintervention [38].
Wagstaff and colleagues found that using SMS messages, as many as 62.0% of patients returned to
the clinic in two days compared to 51.5% in the control group [39]. Using the Whatsapp message
intervention, Haslinda and Juni found that the number of respondents who adhered to medication
was higher in the group that received the intervention (81.8%) compared to the control group

(69.1%) [40].

DISCUSSION

This systematic review study aims to evaluate and provide an overview of mHealth RCTs on
medication adherence in the patient with tuberculosis which we have successfully conducted by
collecting eighteen eligible studies from 2018 to 2022. One of the reasons we limited our literature

search to the last five years was to see application innovations that were used along with the
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development of the digital world in this period. The expectancy is that the latest technological
advances in this digitalization era will make it more straightforward to develop information
innovations, especially concerning the health sector, to educate patients and the public.

Since the emergence of digital devices, health practitioners are increasingly competing to take
advantage of this progress as a good opportunity to help improve public health in preventive and
curative ways. M-Health has been attracting attention since it emerged as an innovation that
effectively streamlines interactions between healthcare workers and patients, especially in
supervising patients such as TB with strict rules for taking drugs for a certain duration. With a
relatively lower cost, m-Health can be the first choice in addition to existing programs for
monitoring TB patients. For this reason, this study provides an overview of the effectiveness of the
m-Health variant from RCT studies in the 2018 to 2022 period regarding adherence and behaviour
changes in TB sufferers during the treatment period. The m-Health variants used in the study are
software and hardware. This review study analyzed m-Health variants that were not discussed in

several previous systematic reviews [43-46].

The m-Health used in the last Five years

Until the last five years, SMS is still an option to remind TB patients to take their medicine. In
contrast to previous review studies [45,46], the effectiveness of SMS in monitoring the treatment of
TB patients in this review showed no significant difference between the SMS intervention group
and the control group with standard care using DOT. Even using the Whatsapp application, TB
patient compliance did not show any significance, even though adherence to treatment in the
intervention group was higher than the control group [40]. However, with the widespread use of
cellphones with the Android system or iPhone Operating System (i0OS) among the public, choosing
intervention using SMS or chat remains the best choice considering the low cost and efficient

application. In contrast to the findings of Bao and colleagues in China, the We-Chat application
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used as an intervention showed a significant increase in adherence and repeat visits to the clinic
during a TB treatment program [25]. Besides the effectiveness of existing smartphone-based
applications, various obstacles can be faced, especially for populations in remote areas, where
cellular networks and even the internet may be inadequate, especially if the quality of the patient's
cell phone does not support the use of these applications [47].

Behaviours expected of TB sufferers include not spitting, covering the nose and mouth when
coughing or sneezing, and wearing a mask [48]. Of course, TB sufferers expect this behaviour to be
carried out as one of the steps to prevent the spread of the disease in the surrounding environment
[49]. However, the family should be involved in education on the prevention and care of TB
patients. The family has an important role in the patient's treatment process, including preventing
the spread of the disease so that it does not affect the people who live in the same house and the
people around the house. Families can provide arrangements at home according to good health
standards, especially for TB patients. For this reason, further studies need to analyze this
educational intervention for families with TB sufferers.

Some of the studies included in this review also provide interventions using a variety of hardware
such as the Medication Event Reminder Monitor System (MERM), CARE box, Wirelessly
Observed Therapy (WOT), and Electronic-Directly Observation Treatment (E-DOT). These devices
are under recommendations from the World Health Organization (WHO) to increase the adherence
of TB patients undergoing six months of treatment [14]. Of the six studies that implemented these
hardware devices, overall, they showed better success than using software on TB patient adherence
to taking medication. The MERM system allows TB patients to take medication daily because the
device cover will open at a predetermined time [23]. Manyazewal and the team also used a MERM
system with a tool called evriMED500, in the form of a pillbox consisting of a medicine container
and an electronic module connected to an indicator light and an alarm [35,36]. The MERM system

in the study did not show superiority over the standard care of the control group. However, it should
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be recognized that the adherence dimension has many independent variables that may play a large
role in influencing interventions. Unfortunately, the study of the use of the MERM system that we
found did not carry out an analysis of the potential factors. So that bias in the study is likely to
occur.

Another device used is Wirelessly Observed Therapy (WOT), a sensory device that enters the body
through the mouth. A patch detector in the torso area will read all sensor activity. The data recorded
from the patch detector is transmitted wirelessly via Bluetooth technology to mobile phones,
computers, or other gadgets [50]. Browne stated that WOT is very safe to apply without significant
side effects, only in the form of minimal irritation due to the direct use of patches on the skin [28].
Statistically, WOT is superior to DOT; in other words, WOT is effective in increasing TB patient
adherence to treatment. However, the application of WOT is likely to be constrained, especially in
countries with lower middle incomes, because this technology is still relatively expensive, and there
are suggestions to replace the patch every five days to avoid irritation [28]. Previous studies have
also confirmed that using WOT can increase adherence to antiviral HCV therapy in populations at
high risk of non-adherence [51].

Another hardware option we found in one study was the use of e-DOT in real-time or recorded
video, depending on patient preference [29]. Real-time video allows patients to interact directly
with TB program officers with the help of Skype software. Burzynski and colleagues found that e-
DOT is similar to in-person-DOT but has equal effectiveness. For this reason, e-DOT can be
applied according to the patient's choice. Especially during a pandemic such as COVID-19,
electronic DOT is the best choice to reduce the spread and worsen TB patients' conditions, as found
by Lippincott and colleagues in implementing the Vdot COVID-19 pandemic where this method
has high effectiveness and is the first choice. In contrast, in-person DOT is recommended to be
carried out later [52]. Haberer and Subbaraman added that implementing eDOT might encounter

technical challenges, inaccuracies, costs, and an unsupportive health system [47].
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The potential of mHealth on TB patient adherence

Compliance of TB patients with the treatment program can be seen from the success of the
treatment. Of the various types of mHealth that we collected, almost all showed an increase in
adherence of TB sufferers to the treatment given. Although, comparison with the control group
mostly showed insignificant differences.

The use of SMS text generally shows more potential than the DOT standard. Two studies show that
compliance with TB patients using SMS text interventions is similar to DOT standards [32,33]. The
study states that there may be several factors that influence the failure of TB patient compliance
even though they have been reminded via SMS messages, including the lack of more personalized
engagement, the didactic nature of the messages, and the SMS message is received when the patient
was not near his/her medication all contributed to the failure to reduce poor adherence [53]. For this
reason, in the future, this can be a consideration in implementing interventions using text SMS,
where controlling these situations is essential to consider. However, based on the success of
increasing adherence from studies using text SMS, it was stated that patient compliance was one
time greater than the DOT standard. The same thing was also found in the use of Whatsapp, where
significant treatment success occurred in TB patients who were given education through messages
via Whatsapp [40].

The medication event reminder monitor (MERM) system in studies using it also shows positive
potential to improve TB patient adherence to treatment. In addition, using MERM can also reduce
the workload of health workers [54]. One problem identified using MERM is the possibility of
removal of the medication from the pillbox, for example, for work-related reasons, which prevents
the recording of pill dispensing. Although the potential of MERM is not superior to in-person DOT,
MERM can be used as an alternative to improve TB patient compliance. The identical thing is also
found in using electronic DOT and WOT. This hardware allows stricter supervision and accurate

recording of each drug-taking activity so that health workers can more easily measure treatment
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SUCCesS.

LIMITATION

The limitations encountered in this review include limited access to several reputable databases,
which does not allow us to explore further relevant articles. In addition, this review includes studies
of low to high quality due to the small number of articles we have collected. For this reason, writers

who want to use the results of this review must be careful and analyze them more carefully.

CONCLUSION

This review shows that using m-Health can be the first choice in handling TB cases with the DOT
strategy. Hardware as part of mHealth has more potential to increase TB patient adherence and
behaviour change. TB patient compliance with medication programs and stopping the spread of TB
through good behaviour will be very significant in reducing TB cases, recurrent cases and new
cases. mHealth is the best choice as a companion to the ongoing DOT program, primarily as a
medium for disseminating information needed by patients during their treatment period. In the era
of digitalization today and in the future, mHealth is undoubtedly the main route in health services,
as illustrated during the pandemic of certain diseases that did not allow face-to-face meetings.

However, further efficacy studies at the clinical level are needed, while always protecting privacy.
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