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Abstract

Background: Directly observed therapy (DOT) isthe standard method for monitoring adherence to tubercul osis (TB) treatment.
However, implementing DOT poses challenges for both patients and providers due to limited financial and human resources.
Increasing evidence suggests that emerging digital adherence technologies, such asvideo directly observed therapy (VDQOT), can
serve as viable aternatives.

Objective: Thisstudy aimsto evaluate the effectiveness of VDOT compared with usual caredirectly observed therapy (UCDOT).

Methods: Between July 2020 and October 2021, we conducted a 2-arm, parallel-group, open-label randomized trial with a1:1
assignment to receive either the VDOT intervention (n=72) or UCDOT (n=72) for treatment adherence monitoring at public
health clinics in Kampala, Uganda. Each group was further stratified to ensure equal numbers of males and females. Eligible
patients were aged 18-65 years, had a confirmed diagnosis of TB, and were undergoing daily treatment. The VDOT group was
provided with a smartphone equipped with an app, while the UCDOT group followed the routine monitoring practices outlined
by the Uganda National TB Program. We tested the hypothesis that VDOT was more effective than UCDOT for monitoring
medication adherence. The primary outcome was adherence, defined as having =80% of the expected doses observed during the
6-month treatment period. An intention-to-treat analysiswas conducted, and multivariable logistic regression was used to estimate
the effect of theintervention on adherence monitoring. Adjusted relative risk ratios and their corresponding 95% Clsare presented.
Secondary outcomes included treatment compl etion, loss to follow-up, death, and reasons for missed videos in the intervention
group.

Results: Theintention-to-treat analysisincluded 142 participants, with 2 excluded due to discontinuation of medication within
the first week after enrollment. The median age of participants was 34 (IQR 26-45) years. The median fraction of expected doses
observed (FEDO) was significantly higher in the VDOT group compared with the UCDOT group (100, IQR 80-100 vs 30, IQR
10-60, respectively; P<.001). When using a FEDO cutoff of =80% to define optimal adherence, 63 of 142 (44%) patients met
the threshold, with a significant difference between the VDOT and UCDOT groups (56/71, 79% vs 7/71, 10%, P<.001). After
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adjusting for confounders, VDOT userswere significantly morelikely to achieve >280% of their expected doses observed compared
with UCDOT users (adjusted risk ratio 8.4, 95% Cl 4.16-17.0). The most common reasonsfor failing to submit videos of medication
intake were an uncharged phone battery, forgetting to record videos during medication intake, and losing the smartphone.

Conclusions: Enhanced VDOT was more effective than UCDQOT in increasing adherence monitoring among patients with TB
in Uganda. This evidence highlights the potential of digital technologies to improve treatment adherence monitoring and support
in high TB burden settings with limited human resources.

Trial Registration: Clinical Trials.gov NCT04134689; http://clinicaltrials.gov/ct2/show/NCT 04134689

(JMIR Mhealth Uhealth 2025;13:€57991) doi: 10.2196/57991
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Introduction

The End TB Strategy envisions a world free of tuberculosis
(TB), with zero deaths, disease, and suffering due to TB by
2035 [1]. In 2022, an estimated 10.6 million new cases were
reported, while 1.6 million peopledied from TB worldwide[2].
Although effective treatments for TB disease have existed for
over 50 years, nonadherence to medication remains a common
problem among patients and poses a significant obstacle to
achieving the goal s of the End TB Strategy [1,3]. Nonadherence
reduces cure rates, prolongs infectiousness, and resultsin poor
treatment outcomes, including treatment failure, drug resistance,
death, and relapse [4-7]. The emergence of drug-resistant TB
and multidrug-resistant TB (MDR-TB) is partly attributed to
patients not adhering to their medication properly [4]. Globally,
an estimated 450,000 incident cases of MDR-TB werereported
in 2021, marking a 3.1% increase from 437,000 casesin 2020
[2]. According to a recent meta-analysis that included 148
studies, the global pooled prevalence of MDR-TB was 11.6%
(95% Cl 9.1%-14.5%), significantly higher than previous
estimates [8].

The World Health Organization (WHO) and USclinical practice
guidelines recommend directly observed therapy (DOT) asthe
standard of carefor TB treatment [9,10]. DOT involvesahealth
care worker observing a patient in person while they ingest TB
medicationsto monitor adherence and provide support as needed
[10]. When implemented correctly, in-person DOT can facilitate
high levels of medication adherence and successful treatment
of TB disease. Additionally, DOT can aid in the early detection
of adherence issues, adverse drug reactions, and worsening TB
symptoms[11]. Previous estimatesindicate that approximately
50% of patients on long-term treatment for chronic diseases
often fail to adhere to their prescribed medication regimensin
both developed and devel oping countries[12]. Several barriers
hinder the effectiveness of DOT, including the inconvenience
of daily in-person visitsto health facilities, ashortage of health
care workers, high transportation costs, TB-related stigma, and
long patient waiting times at health facilities [13,14].

Digital adherence technologies have recently emerged as
promising tools to address barriers to patient support and
treatment monitoring at the health system, patient, and structural
levels [15-18]. Video directly observed therapy (VDOT) is an
innovative smartphone-based system that uses an app to record
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videos of medication intake, enabling remote monitoring of
treatment adherence. VDOT reduces the need for frequent
face-to-face meetings, thereby minimizing inconvenience to
patients and lowering transportation costs [19,20]. Several
observational studies have evaluated the feasibility and
acceptability of VDOT, including 2 conducted in Africa[20-26].
Three randomized clinical trials (RCTS) in the United States,
United Kingdom, and Moldova have assessed the efficacy of
VDOT, demonstrating that it isfeasible, acceptable, cost-saving,
and convenient for patients [16,27-29]. A pilot study in Kenya
found video-observed therapy to be both technicaly feasible
and acceptable to patients and health care professionals [24].
Similarly, studies conducted among patients and health care
providers in Uganda have shown that VDOT is feasible and
acceptable for monitoring and supporting patients undergoing
TB treatment [25,30,31]. A recent systematic review and
meta-analysis found that VDOT is effective in improving
medication adherence and bacteriological resolution compared
with in-person DOT care [32]. However, none of the studies
included in the review were conducted in Africa, as no RCTs
comparing VDOT with in-person DOT have been published
from the region. The aim of our study was to compare the
effectivenessof VDOT and usua care directly observed therapy
(UCDQT) in observing and monitoring treatment adherence
among patients with TB in Uganda.

Methods

Ethical Consider ations

This study was approved by the institutional review boards of
the University of Georgia (ID PROJECT00000571), Makerere
University (protocol 756), and the Uganda National Council
for Science and Technology (HSG56ES). All participants
provided written informed consent in either English or Luganda,
based on their language preference. The consent process
included assurances regarding the privacy and confidentiality
of the data collected during the study. Participants received
approximately US $10 as compensation for transportation and
the time spent participating in each visit.

Trial Design

The “DOT Sdlfie” study was a parallel-group, open-label
randomized controlled trial involving 144 adult patients with

TB at selected treatment clinics in Kampala, Uganda
Participantswere randomi zed into acontrol group (n=72), which
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received UCDOT, and an intervention group (n=72), which
received VDOT for adherence monitoring. Enrollment into the
RCT occurred between July 13, 2020, and follow-up continued
through October 25, 2021. The details of the trial’s design and
methods were described in our published protocol [33].
Eligibility Criteria

Eligible participants were adults aged 18-65 years with a
confirmed diagnosis of drug-susceptible TB in the new or
retreatment category, who had initiated treatment within the
past month and planned to reside in Kampala for the entire
6-month treatment period to facilitate close study follow-up.
Participants were excluded if they could not speak and read
either Luganda (the local dialect) or English, were too ill to
withstand the study procedures at enrollment, or had a
self-reported motor, visual, hearing, or cognitive disability that
would hinder proper use of asmartphone. Additionally, patients
residing in areas without cellular network coverage or access
to electricity for charging their smartphones were excluded.

Sekandi et &l

Study Setting and Recruitment Procedures

The primary study sitewasthe L ubagaTB clinic, with secondary
recruitment sites being public clinics that provide free TB
servicesin Kampala. All TB clinic sitesarelocated about 10-15
km from the Kampala city center and collectively treat
approximately 10,000 patients with TB annually. The study
team worked closely with clinic nurses, who helped identify
potentially eligible patients at the selected public clinic sites.
Trained research assistants used a screening checklist to assess
study eligibility, and then provided a brief description of the
study. The details of the design and methods of the randomized
controlled trial are described in our published protocol [33].
The basdline questionnaire was administered after consent, and
acopy isprovided in Multimedia Appendix 1. Participantswere
then randomized into the intervention or control study group.
The study flow is shown in Figure 1.

Figure 1. DOT Selfie participant flow diagram. UCDOT: usual care directly observed therapy; VDOT: video directly observed therapy.
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Randomization and M asking

We randomized 144 participantsin a 1:1 ratio to receive either
VDOT or UCDOQOT, as shown in Figure 1. We chose equal
alocation to optimize the power of the study [34].
Randomization was stratified by sex to ensure equa
representation of men and women in each study group [34]. Sex
stratification was justified because sex is a known factor
associated with adherence to TB treatment [34,35]. Permuted
block randomization with block sizes of 4 and 6 was used to
ensure abalanced assignment of participantsto theintervention
or control groups and to minimize the predictability of study
arm assignment. Each block contained a specified number of
randomly ordered treatment assignments, as recommended in
clinical trial methods by Friedman et a [34]. The detailed
process followed during randomization is published in the
protocol elsawhere [33]. Given the nature of the intervention,
participants and study staff were not masked to study group
assignment. Study investigators were not blinded to allocation
information due to ongoing scientific reviews and the possibility
of making clinical decisions about participants’ treatment if it
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became necessary to withdraw them from the intervention. The
trial statistician was blinded to study group assignment during
the analyses.

Description of the Enhanced VDOT System

VDOT is a licensed Hedth Insurance Portability and
Accountability Act (HIPAA)—compliant system originaly
developed by SureAdhere Mobile Technology, aninitiative that
started at the University of California, San Diego [36]. It consists
of 3 main components, as described previously by Garfein and
colleagues [19] and in our published protocol paper [33]. The
components include (1) the patient-facing part, which is the
smartphone app used by the patient to record medication videos;
(2) the secure cloud-based server, which stores the uploaded
medication videos; and (3) the provider-facing part, which is
the web-based browser accessed through a secure,
password-protected log-in via a computer, laptop, or tablet to
review the submitted videos and daily adherence reports [33].
At the end of each video recording, an automatic, encrypted,
time-stamped video was uploaded to the secure cloud server
for storage and playback (Figure 2). Upon submission, thevideo
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was removed from the smartphone, ensuring that patients could

Sekandi et &l

not retrieve it.

Figure 2. Schematic of the asynchronous video directly observed therapy system for monitoring tuberculosis treatment (adopted from Sekandi et a

(33]).
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Enhancement of the VDOT System for Contextual
Adaptation

The VDOT system was adapted to the local Ugandan context
in 3 ways. First, we expanded the English-based SMS text
message reminders to include motivationa messages
encouraging patients to continue taking their medications and
submitting videos. Second, we trand ated the SM Stext messages
into Luganda (a local dialect) to facilitate understanding for
patientswho did not speak English. Thefollowing are examples
of the SM S text message reminders and motivational messages
we used: “It's time to take your pills and send a video” and
“Taking your pills will help you to get better.” Third, an
additional SM S text message reminder was sent automatically
8 hours after the standard SM S text message reminder, which
was sent to participants at 6:00 AM, if amedication video had
not been received in the VDOT system. After adapting the
VDOT systemto thelocal context, it wasdubbed “DOT Selfie”

Description of the VDOT System

Description of Standard Procedures

Thetria proceduresare described in detail in our protocol paper,
whichispublished elsawhere[33]. All participantshad an initial
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face-to-face TB education session, regardless of the assigned
study group. The session provided information on TB
medications, including dosage, timing, theimportance of taking
daily pillsas prescribed, and what to do in the event of amissed
dose or lost pills. In addition, patients received information on
cough hygiene behaviors, such as covering their cough to
minimize the risk of spreading germs. Lastly, the education
emphasized the importance of reporting any issues related to
TB medications, including common side effects, adverse events,
or new symptoms.

I ntervention: Asynchronous Video Directly Observed
Treatment

We used an asynchronous VDOT intervention package, which
included (1) a loaner GSM (Global System for Mobile
Communications) Itel P15 Android smartphone (model W5005)
withapreinstalled VDOT app and apreassigned SIM card with
a unique phone number; (2) a prepaid weekly internet data
subscription of 350 MB at local telecom commercial rates; and
(3) automated daily SMS text message reminders to take
medications. Participantsin theintervention group were enrolled
in the VDOT system using a unique log-in personal
identification number to set up an account and secure patient
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information in compliance with HIPAA [33]. The personal
identification number also prevented access to the VDOT app
by nonstudy participants. The app includes a video feature that
allows patients to record themselves while swallowing their
daily doses of medication. In addition, patients received weekly
incentives equivalent to US $0.30 in the form of social bundles
or airtime minutes, contingent on successfully submitting videos
for 7 consecutive days. The weekly incentive was specifically
linked to the VDOT intervention, meaning that participants
randomized to this study group were eligible to receive the
incentive. However, all participants, regardless of the study
arm, received a transport refund and reimbursement for their
time at each visit, equivalent to about US $10. On the day of
enrollment, participants received detailed training on how to
use the VDOT app to record and submit videos of medication
intake. They also received an instructional guide with pictorial
illustrations (pill mat) showing the systematic process of
recording the videos, as well as a description of the most
common side effects of TB medications. The “pill mat” served
as avisua aid to facilitate easy reporting of medication side
effects during the video recording session (see details in
Multimedia Appendix 2).

At theclinic, atrained study staff member logged into the secure
VDOT system viaacomputer or tablet to download and review
patients daily videos, document medication adherence, and
record any self-reported side effects. The study nurse also
tracked missed video recordings and took follow-up actions as
predefined in the protocol (see detailsin Multimedia Appendix
3). These actions included a follow-up call to assess missed
doses, address side effects, and resolve any other issues as
needed. Other secondary methods used to monitor adherence
included pill countsand tracking prescription refills at the clinic.

Control: UCDOT

UCDOT was delivered according to routine practice under the
Uganda National TB Program guidelines updated in 2017 [37].
The guidelines specify that the TB treatment supporter may be
ahealth care worker, atrained workplace or community health
worker, or anyone the patient chooses to observe them
swallowing the tablets. The in-person interaction between the
patient and the treatment supporter during treatment should
occur at least five times aweek, with observed medication doses
documented in the treatment card. According to the guidelines,
DOT services must be organized to accommodate the patients
circumstances and provided as closeto their homes as possible.
Some patients may opt to take their medication at the health
clinic if they live nearby. The patient and treatment supporter
are expected to agree on a mutually convenient meeting place
for treatment observation and support. However, there is
considerable variation in how DOT is delivered across clinics
and among patients in Kampala city. After a confirmed
diagnosis, TB medications are prescribed, and patients return
for biweekly refill visits during the first 2 months (intensive
treatment phase). In the continuation phase, patients return
monthly for refill visits and clinical evaluation.

In usua care, adherence is assessed using patients' treatment
cards, self-reports, and pharmacy prescription refills during
routine clinic visits. The study research staff collaborated with
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TB clinic nurses or staff, community linkage facilitators, and
treatment supporters to collect information on DOT. The
research team combined data from all available sources and
cross-validated it to the extent possible. Patientsin the UCDOT
study group werefollowed up for missed routine visits according
to the National TB Program guidelines. This included a
follow-up phone call if a patient missed a routine visit to refill
a prescription, as well as addressing any issues, such as side
effects, as needed. The COVID-19 pandemic caused some
disruptions, resulting in unintended modificationsto the routine
delivery of UCDOT.

Follow-Up of the VDOT Group for Missed Videos and
Study Visits

A predefined follow-up protocol was used to contact study
participantsin case of missed doses or videos (see Multimedia
Appendix 3). The research staff made 2 phone call attempts
within thefirst 24 hours of amissed video to establish the dosing
history and determine the reason for the missed videos. If there
was no response from the participant within 72 hours, the
research team escalated the follow-up to a field visit to trace
the participant at home or at their workplace. After 2 weeks of
active follow-up with no success, the study team waited for the
participant to return to the clinic for aroutinevisit. If the patient
failed to show up for the scheduled clinic visit, the study team
notified the national TB program staff to seek additional support.
According to the standard WHO guidelines, apatient isdeclared
lost to follow-up if they do not return to the clinic for their
prescription refills for 2 consecutive months [38].

Study Measurements

Primary Outcome

The primary outcome measure was adherence, defined as the
fraction of expected doses observed (FEDO) over the months
of prescribed TB treatment or by the end of the study following
randomization. In the VDOT group, adherence was directly
measured based on medication videos submitted and reviewed
by the research staff to confirm medication ingestion. In the
control UCDOT group, daily medication adherence was
measured through self-reports. Thiswas also supplemented with
indirect measures, such as notes on the patients' treatment card
and prescription refill visits, as additional indicators of
adherence. Study measurements were collected using a
guestionnaire at baseline and at follow-up during months 2, 4,
and 6 to ensure close monitoring of all patients during treatment.

Secondary Outcomes

The secondary outcomeswe sel ected are considered unfavorable
outcomes and are also relevant indicators of performance for
national TB programs. These include treatment completion,
loss to follow-up, death, and treatment failure. The definitions
of these outcomes were based on the WHO [38] and Uganda
National TB Program guidelines [37]. Treatment completion
was defined as completing all medication doses as prescribed
by the TB clinic, as confirmed by the clinic records. Loss to
follow-up was defined as an interruption in TB treatment for at
least two consecutive months. Death was considered any death
during the treatment period, regardless of the cause. Treatment
failure was defined as a patient with TB whose sputum smear
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examination is positive at month 5 or later during TB treatment
[38]. Treatment failure was difficult to ascertain due to
incomplete clinic records. However, no cases of treatment failure
were documented among the participants.

Sample Size Estimation

The trial was powered at 80% to detect a 22% difference in
medication adherence, the primary outcome, between the 2
groups: VDOT (85%) and UCDOT (63%), based on a 2-sided
significance level of 5%. The adherence levels for the
comparison groupswere derived from previous DOT and VDOT
studies conducted in Kampala, Uganda [25,39]. To achieve a
chi-square test with a difference of 0.22 and an odds ratio of
0.30, the estimated total sample size was 124. We assumed an
attrition rate of 14%, based on a randomized controlled tria
comparing usual care and digital adherence interventions in
Kenya, where the overal loss to follow-up rate was 11.7%
(9.9% in UCDOQT and 1.76% in VDQT) [40]. The calculated
final sample size was 144 participants, with 72 per group. When
calculating power and sample size, we treated the response as
binary (0 or 1), with a cutoff value for nonadherence as the
FEDO <80%, and adherence as the fraction =80%. This binary
response variabl e for adherence was used in thefinal regression
analysis to facilitate comparison with previous clinical trials
[16]. Sample size tables were used to estimate precision, as
described in detail elsewhere in our protocol paper [33]. All
calculations were performed using the SAS statistical software
package, version 9.4 (SAS Ingtitute).

Statistical Analyses

We conducted an intention-to-treat analysis according to the
study group to which patients were originally randomized.
Superiority was determined by a 22% difference in the
proportion of patients achieving the primary outcome (63% vs
85%). VDOT treatment observation was classified as completed
if patients’ medication doses were observed viavideo. UCDOT
treatment observation was classified as completed if the patient
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reported that a designated treatment supporter observed the
ingestion of prescribed doses. Univariate analysiswas performed
to describe the baseline characteristics of the study population.
Multivariable logistic regression analysis was conducted to test
for significant associations between the study groups (as the
main exposure) and the primary binary outcome of adherence
(no <80%, yes >80%). Age and HIV status were selected as
potential confounders and were adjusted for in all models. Other
covariates considered for adjustment during the primary analysis
included education level, income, and smartphone ownership
at baseline. We did not adjust for sex because randomization
was stratified by this variable. Crude and adjusted risk ratios
with 95% Cls are presented, and statistical significance was
considered at P values less than .05.

Results

Overview

Of the 228 patientswith confirmed TB who were screened, 144
met the dligibility criteria and were randomized into 1 of the 2
study groups, each with 72 participants. Two participants were
excluded from the intention-to-treat anaysis (n=142): 1
participant inthe VDOT group refused to initiate TB treatment
shortly after study enrollment, and another participant in the
UCDOQT group declined participation after initiating treatment.
The 2 participants were included in the baseline analysis but
excluded from any further analyses because they did not have
the study outcomes of interest (Figure 1 and Multimedia
Appendix 4 [41]). The median age of the participants was 34
(IQR 26-45) years. Therewas asignificant differencein median
age (P=.005) between the study groups, with participantsinthe
UCDQT group being older; 120 of 144 (83.3%) participants
owned acell phone, while 53 of 144 (36.8%) had smartphones.
Within the VDOT group, 29 of 72 (40%) owned a smartphone.
Overall, 46 of 144 (31.9%) participants were HIV positive. All
the measured baseline characteristics were balanced between
the study groups, except for age (Table 1).
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Table 1. Baseline characteristics of participants by study arm in Kampala, Uganda.

Video directly observed Usual care directly observed

Variables Total (N=144),n (%)  therapy arm (n=72), n (%) therapy arm (n=72), n (%) Pvalue?
Sex, n (%)
Male 72 (50.0) 36 (50.0) 36 (50.0) >.99
Female 72 (50.0) 36 (50.0) 36 (50.0)
Age (years), median (IQR) 34 (26-45) 29.5 (24-42) 38 (28-47) .005
Age category (years), n (%)
18-24 27 (18.8) 19 (26.4) 8(11.1) .02
25-34 48 (33.3) 27 (37.5) 21(29.2)
35-44 30(20.8) 10 (13.9) 20(27.8)
45-65 39(27.1) 16 (22.2) 23(3L.9)
Highest level of education, n (%) 12
No education or primary 55(38.2) 27 (37.5) 28 (38.9)
Secondary 64 (44.4) 28(38.9) 36 (50.0)
Tertiary/university 25 (17.4) 17 (23.6) 8(11.1)
Marital status, n (%) .33
Currently married 55(38.2) 23(31.9) 32 (44.9)
Previously married 23 (16.0) 13(18.1) 10 (13.9)
Never married 66 (45.8) 36 (50.0) 30 (41.7)
Currently employed, n (%) .61
No 54 (37.5) 29 (40.3) 25(34.7)
Yes 90 (62.5) 43 (59.7) 47 (65.3)
Monthly personal income (US$°), median (IQR) 4285 (14.29-85.71)  42.85(14.29-114.30) 2857 (11.43-85.71) o7
Monthly total household income (US$), median ~ 57.14 (28.57-142.86)  71.43 (28.57-157.14) 57.14 (28.57-114.23) 56°
(IQR)
Currently ownsacell phone, n (%) .50
No 24(16.7) 14 (19.4) 10 (13.9)
Yes 120 (83.3) 58 (80.6) 62 (86.1)
Currently ownsa smartphone, n (%) 31
No 67 (46.5) 29 (40.3) 38(52.8)
Yes 53(36.8) 29 (40.3) 24(33.3)
HIV status, n (%) .55
Positive 46 (31.9) 24(33.3) 22 (30.6)
Negative 98 (68.1) 48 (66.7) 50 (69.4)

gignificant values (P>.05) are presented in italics.
bUS $1=3500 UGX (Uganda Shillings).
®Kruskal-Wallis test for differencesin median.

Patterns of Treatment Observation by VDOT and
UCDOT Groupsand by Sex

A visual illustration of the patterns of treatment observation
among study participants is shown in Figure 3. For the VDOT
group, the light gray bars represent the videos received viathe
technology system, whilethe dark gray bars represent the videos
that were not submitted (ie, missed). For the UCDOT group,

https://mhealth.jmir.org/2025/1/€57991

the light gray bars show the doses that were observed (as
reported by the patients) and the dark gray bars show the
unobserved doses. We observed clear differencesin the patterns
of observation between the 2 study groups. However, when the
same data are further stratified by sex, there are no obvious
differencesin the patterns of doses observed between men and
women within each group.
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Figure 3. Patterns of treatment observation among participants in video directly observed therapy (VDOT) and usual care directly observed therapy

(UCDQT). TB: tuberculosis.
Patterns of video observed doses for 71 patients with TB in VDOT
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Median Differencesin Expected and Observed Doses
by Study Arm and Sex

There was a significant difference in the median number of
doses observed between VDOT and UCDOT (Table 2).

Table 2. Median number of expected and observed doses by study arm.

Expected doses

Expected doses

Patterns of directly observed doses for 71 patients with TB in UCDOT

375

200

0
|
' |
e TR I
100 IIII“ ‘lll “ll
1

Male

Female

=
I

=1
=

a7s
300
200 I 200 I
"Il I i | I e i 'I' I
100 II| 100 -|II
o I i) I

Participants

M Doses not observed | Doses observed

However, there were no significant differences in the number
of doses when comparing male and female participants within
the same study arm (Table 3).

Doses Total, median  Video directly observed therapy, = Usual care directly observed therapy, P vaue
(IQR) median (IQR) median (IQR)

Expected videos/doses 167 (158-177) 166 (158-177) 168 (158-178) 40

Videos/doses observed 118(39-157) 156 (134-168) 48 (14-98) <.001

Videos/doses not observed 37 (7-105) 7(2-23) 105 (66-151) <.001

Table 3. Median number of expected and observed doses within study arms stratified by sex.

Arm and doses Total, median (IQR) Male, median (IQR) Female, median (IQR) P vaue
Usual caredirectly observed therapy arm
Expected doses 168 (158-178) 168 (158-172) 168 (158-184) 49
Doses observed 48 (14-98) 41 (14-86) 56 (12-99) 61
Dose unobserved 105 (66-151) 116 (68-151) 104 (64-148) 96
Video directly observed therapy arm
Expected videos 166 (158-177) 165 (160-178) 166 (155-175) 57
Video observed doses 156 (134-168) 154 (134-164) 160 (135-170) 37
Videos missed, doses not observed 7 (2-23) 10 (3-26) 4(2-14) .16

Differencesin Adherence Measured by the Fraction
of Expected Doses Observed

We evaluated adherence using the FEDO, expressed as a
percentage, as shown in Table 4. The overall median FEDO
was 80% (IQR 30%-100%), but the median adherence in the
VDOT am was 100% (IQR 80%-100%), which was
significantly higher (P<.001) than that of the UCDOT group.

https://mhealth.jmir.org/2025/1/e57991
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When using a cutoff of =80% for FEDO to define optimal
adherence and <80% for nonadherence, only 63 of 142 (44.4%)
participants, on average, achieved optimal adherence with their
expected doses observed. However, in the VDOT group, 56 of
71 (79%) participants achieved an optimum FEDO, which was
significantly higher (P<.001) than in the UCDOT group. The
median FEDO did not significantly differ by sex in either study
arm (P=.16 for VDOT and P=.96 for UCDOQOT).
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Table 4. Median adherence based on FEDO? by study arm.

Sekandi et &l

Variables Total Video directly observed therapy Usual care directly observed therapy P value
Adherence (%), median FEDO (IQR) 80 (30-100) 100 (80-100) 30 (10-60) <.001
Adherence, with FEDO as a binary outcome (yes 280% and no <80%), n (%) <.001

Yes, n (%) 63 (44) 56 (79) 7(10)

No, n (%) 79 (66) 15 (212) 64 (90)

Total, n 142 71 71

3FEDO: fraction of expected doses observed.

Factors Associated With Treatment Observation as a
M easure of Adherence

We performed a multivariable logistic regression analysis to
evaluate the factors associated with optimal adherence levels
(=80% doses ohserved), as measured by the FEDO, with the
results presented in Table 5. The results from the unadjusted
regression models indicated that being inthe VDOT group and
identifying as Muslim were independent factors significantly
(P=.03) associated with achieving adherence of =80%. We

https://mhealth.jmir.org/2025/1/€57991
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found that participantsinthe VDOT group were 8.4 timesmore
likely to have>80% of their expected doses observed compared
with thoseinthe UCDOT group, after adjusting for confounding
factors such as age, religion, current cell phone ownership, and
HIV status. Current cell phone ownership was significantly
(P=.04) associ ated with reaching the 80% adherencelevel, based
on expected doses observed, compared with those who did not
own acell phone, after adjusting for the study group and other
covariates.
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Table 5. Factors associated with treatment adherence, as measured by FEDO?, among study participantsin Kampala, Ugandab.
Variables Unadjusted risk ration P value Adjusted risk ration P value
(95% Cl) (95% Cl)
Arm
Usual care directly observed therapy 1.00 N/AC 1.00 N/A
Video directly observed therapy 8(3.9210 16.33) <.001 8.41(4.16t0 17) <.001
Sex
Mae 1.00 N/A 1.00 N/A
Female 1(0.69to 1.45) .99 0.9 (0.61t01.32) .59
Age category (years)
45-65 1.00 N/A 1.00 N/A
35-44 0.74 (0.38t0 1.45) 38 1.02 (0.6 to 1.74) 95
25-34 1.18(0.72t0 1.93) .50 1.06 (0.73t0 1.54) .75
18-24 1.46 (0.89t0 2.41) 14 1.03 (0.69to 1.52) .89
Highest education level
No education or primary 1.00 N/A 1.00 N/A
Secondary 0.95 (0.63t0 1.41) .78 0.88 (0.62t0 1.25) 46
Tertiary/University 0.90 (0.52t0 1.57) 71 0.6 (0.36t0 1.01) .06
Marital status
Married 1.00 N/A 1.00 N/A
Previously married 1.17 (0.69t0 2) .56 1(0.63t0 1.6) .99
Never married 1.13(0.75t0 1.72) 56 0.99 (0.74 0 1.31) 93
Religion
Catholic 1.00 N/A 1.00 N/A
Protestant 1.59 (0.93t02.72) .09 1.06 (0.7 to 1.61) 77
Muslim 1.75 (1.04 to 2.93) .03 1.29 (0.87 to 1.91) 20
Pentecostal/Seventh Day Adventist/Other 1.59 (0.92t0 2.76) 10 1.01 (0.7 to 1.48) .94
Currently own acell phone
No 1.00 N/A 1.00 N/A
Yes 1.22 (0.7 to 2.12) 48 1.62 (1.02 to 2.57) .04
HIV status
HIV negative 1.00 N/A 1.00 N/A
HIV positive 0.87 (0.57t0 1.33) 52 0.8 (0.56t0 1.14) 22

8FEDO: Fraction of expected doses observed.

bsj gnificant values (P>.05) are presented in italics.

°N/A: not applicable.

In the intention-to-treat analysis of 142 participants, the
secondary TB outcomes (Table 6) evaluated showed treatment
completion at 90.1% (128/142) for al participants, with
significantly higher completion rates in the VDOT group
compared withthe UCDOT group. Therate of lossto follow-up

https://mhealth.jmir.org/2025/1/€57991
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was 6.3% (9/142) overall, but 7 of 71 (10%) participantsin the
UCDQT group were lost to follow-up, compared with 2 of 71
(3%) in the VDOT group. Overall, there were 5 deaths; 4 of
thesewere HIV coinfected and 3 were male (see detailsin Table

7).
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Table 6. Secondary tuberculosis outcomes.

Sekandi et &l

Outcome Total (n=142) Videodirectly observedtherapy Usual care directly observed P value
(n=71) therapy (n=71)
Treatment completion, n (%) 128 (90.1) 67 (94.4) 61 (85.9) .04
Lost to follow-up, n (%) 9(6.3) 2(2.8) 7(9.9 .02
Death, n (%) 5(3.5) 2(2.8) 3(4.2) 16
Treatment failure at 5 months, n 0 0 0 N/A2
3N/A: not applicable.
Table 7. Summary of deaths.
Participants Study arm Sex Age (years) HIV status Number of treatment doses taken
1 VDOT? Male 29 Positive 56
2 VDOT Female 28 Positive 84
3 ucDoT? Male 40 Positive 112
4 UCDOT Female 54 Positive 84
5 UCDOT Mae 62 Negative 128

3/DOT: video directly observed therapy.
bUCDOT: Usual care directly observed therapy.

Reasons for Missed Video Submissionsin the VDOT
Group

Based on the standard 6-month regimen of 168 doses and the
enrollment date, we expected atotal of 11,928 videos. Of these,
11,041 (92.56%) were successfully submitted by participants
included in theintention-to-treat analysis over the study period.
Of the 887 missed videos (7.44%), the most common reason

https://mhealth.jmir.org/2025/1/€57991

reported by participants was alack of acharged phone battery,
accounting for 183 of the 887 (20.6%) missed videos. Technical
or technology issues accounted for 450 (50.7%) of the missed
videos. Patient-related i ssues accounted for 348 (39.2%) missed
videos, with the most common reason (136/887, 15.3%) being
forgetting to record the videos while swallowing the medi cation.
Additional reasons for missed videos are provided in Table 8.

JMIR Mhealth Uhealth 2025 | vol. 13 | €57991 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Sekandi et &l

Table 8. Reasons for missed videos among VDOT? study participants in Kampala, Uganda.

Reasons for missed videos

Patients reporting (n=212), n

Videos missed (n=887), n (%)

Technical or technology-related issues

Phone battery is not charged 39
Phone stolen/lost 6
VDOT app errors 23
Reported lack of internet connection 22
Phone malfunction 7
Failed to use the app, needed retraining 12
Patient-related issues
Took medications but forgot to record videos 21
Traveled to alocation that has no electricity 16
Too ill to record the video but took medications 7
Too busy to record videos 13
Location is not convenient to record 7
Ran out of tuberculosis medications 16
Other not classified
No reason specified 23

183 (20.6)
98 (11.0)
72(8.1)
63(7.1)
18 (2.0)
16 (1.8)

136 (15.3)
74.(8.3)
51 (5.7)
40 (4.5)
24.(2.7)
23(2.6)

89 (10.0)

3/DOT: video directly observed therapy.

Discussion

Principal Findings

In this study, we found that VDOT was significantly more
effective in observing medication ingestion and monitoring
adherence among patients with TB. Our findings align with a
recent systematic review and meta-analysisthat included studies
conducted in Australia, China, Moldova, the United Kingdom,
and the United States. The review concluded that monitoring
treatment using VDOT was significantly associated with
increased adherence and better microbiological outcomes
compared with UCDOT [32]. Additionally, we found that cell
phone ownership was significantly associated with a higher
level of observed doses, regardless of the study group. Although
VDOT was effective, some participants occasionally failed to
submit their expected videos of medication intake. The most
common reasons for missed videoswere lack of acharged phone
battery, forgetting to record the medication event, and loss of
the smartphone. Thisfinding is consistent with resultsfrom our
previous pilot study conducted in Kampala, Uganda [25]. To
our knowledge, this study is one of the few randomized
controlled trials conducted to evaluate the effectiveness of
VDOT in Ugandaand Africa. More studies are needed to assess
the effectiveness of VDOT in rural African contexts and other
low-resource settings. Additionaly, it is important to identify
which subgroups of patients are most likely to benefit from this
technology.

There areafew published randomized controlled trialsthat have
compared various forms of VDOT intervention packages with
in-person DOT thus far [16,28,29]. Story and colleagues [16]
published the first multicenter trial evaluating the efficacy of

https://mhealth.jmir.org/2025/1/€57991
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video-observed treatment compared with usual care in 2019.
The study was conducted in the United Kingdom and involved
a larger sample of 226 patients from 22 centers. The sample
was also highly diverse, with 58% of participants having a
history of drug and acohol abuse, homelessness, and
incarceration. In the UK study, 70% of patients on VDOT
achieved optimal (=80%) scheduled observations during the
first 2 months, compared with 31% in the UCDQOT group. The
difference observed inthe VDOT arm could be attributed to the
difference in the timing of the measurement of the primary
outcome, which was 2 months versus 6 months after
randomization. The Moldovatria by Ravenscroft and colleagues
[28] compared patients assigned to VDOT and clinic-based
DQT. The study measured the primary outcome as the observed
medication adherence every 2 weeks for the entire 6 months of
treatment. The study concluded that VDOT significantly
decreased nonadherence compared with standard DOT and
reduced the time and money patients spent during their treatment
[28]. Although there were some differences in the delivery of
the VDOT intervention package and the measurement of the
primary outcome, the conclusions on the effectiveness of VDOT
are quite similar across studies.

The UCDOT group had a low level (21/71, 30%) of reported
observed doses of medication over the 6 months of treatment.
This result is very similar to the findings from the UK trial,
despite differences in the study populations, delivery of DOT,
and treatment durations[16]. Thisfinding further reinforcesthe
fact that in-person DOT is generally difficult to implement,
particularly inlow-resource settings[39,42]. A Cochranereview
of 11 clinical trials concluded that TB cure and treatment
completion rates were not improved by DOT [13]. In South
Africa, a recent study found that only about 25% of patients
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with TB received formal DOT support, either home-based or
clinic-based [43].

Cell phone ownership was significantly associated with
achieving optimal observation of the expected doses of
medications, regardless of the study group. Moreover, wefound
that 120 of 142 (84.5%) patients owned a cell phone, while 53
of 142 (37.3%) had personal smartphones at baseline. This
finding suggests that having access to a cell phone could serve
as an indirect facilitator of adherence support for patients on
treatment. In African settings, smartphone ownership and
cellular networks are rapidly proliferating, presenting
opportunitiesto leverage modern technology to improve health
care and service delivery. According to the National Institutes
of Hedlth, “there is a need to stimulate research utilizing
mHealth tools aimed at the improvement of adherence to
treatment, effective patient-provider communication, and
self-management of chronic diseases in underserved
populations’ [44]. There isincreased utility and effectiveness
of accessible mobile technologiesin enhancing the monitoring
of patientswith chronic diseases, which can be attributed to the
affordability and reliability of smartphones in both high- and
low-income settings [45,46].

Themain secondary outcomes, including treatment completion
and loss-to-follow-up, were statisticaly better in the VDOT
group compared with the UCDOT group. These findings are
consistent with the conclusions of a recent systematic review
and meta-analysis [32]. The notably higher percentage of
TB/HIV coinfected individuals among the deaths aligns with
epidemiologic trends [2]. Treatment failure is an important
outcome, but it is often difficult to ascertain, especialy with
follow-up periods of less than 1 year. To determine treatment
failure, we used the records at the end of treatment at 6 months,
although it should be routinely assessed at 5 months. Werelied
on the TB clinic records of sputum results at month 5 because
our study protocol included only follow-up visits at months 2,
4, and 6. The study team did not have direct control over the
standard clinical evaluations that occur in routine TB
management. The clinic records were grossly deficient;
therefore, we cannot conclusively state that there were no
treatment failures. Larger studies are needed to compare these
outcomes across the groups to ascertain the true differences.

Reasons for Failureto Submit Videos

Overall, technical and technology-related i ssues were the most
commonly cited reasons for failure to submit videos. The lack
of acharged phone battery was the single most common reason
for failure to submit videos, as sometimes phones turned off
during video recording. This finding is consistent with results
from our pilot study in Kampala[25,47]. To minimizethe phone
battery issue, patients were trained and encouraged to ensure
that their phones were always charged at night or before
recording videos. The loss of a smartphone occurred among a
few participants, resulting in a substantial number of missed
videos. The study team mitigated the disruption in data
collection by replacing lost phones as soon as they were made
aware. Missing adherence recordswerefilled using self-reports
from patients or clinic records on prescription refills. However,

https://mhealth.jmir.org/2025/1/€57991
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the self-report method falls short because it lacks an objective
way to validate the doses taken [48].

The main patient-related reasons that mostly prevented the
submission of videos included forgetting to record the
medication intake, traveling to locations without access to
electricity to charge the phone, or being tooiill to record videos.
These findings were similar to those reported in our first pilot
study [25] and in other studies elsewhere [19,26]. Typically,
when patients travel to rural areas in Uganda, there is a high
likelihood that they will not have access to electricity, further
complicating adherence monitoring. When videos were missed
due to travel, the research team followed up to gather the
missing information using self-reported adherence. A small
number of patients reported a lack of a convenient place to
record videos, which was a concern similar to our previous
study [25]. This could suggest an underlying stigma associated
with TB treatment. However, a study done in Turkey, which
compared the levels of stigma among patients with TB using
in-person DOT versus VDOT, concluded that patients who
received VDOT reported experiencing less stigma [49]. The
role of VDOT in mitigating stigma among patients with TB
warrants further research, especially in diverse contexts.

Strengthsin the Context of Prior Work

First, we evaluated the enhanced VDOT intervention, which is
the only digital adherence technology offering remote visual
observation of doses taken, making it comparable to the
UCDQT. Other commonly used digital adherence technologies
for TB monitoring, such as 99 DOTS and digital or smart
pillboxes, only provide indirect signals as proxies for doses of
medication intake [18]. Second, we successfully evaluated a
culturaly adapted VDOT in arandomized controlled trial (RCT)
within the context of a low-income setting. In our study, we
demonstrated that more than one-third of the participants owned
apersonal smartphone, and these numbersare growing globally.
Third, we conducted the study in Kampala, Uganda, where the
TB ratesare estimated at 250 cases per 100,000, whichismuch
higher than in the mgjority of settings where VDOT has been
previously evaluated [16,19,29]. Fourth, the study facilitated
the delivery of a patient-centered approach that was more
convenient and less intrusive during the critical period of the
COVID-19 pandemic. This aso catered to the public health
mitigation measures aimed at curtailing the transmission of
COVID-19. Lastly, the RCT results generated in our study
provide a basis for the systematic evaluation of the
implementation process of VDOT. Although there is no gold
standard for using digital adherence technologies to monitor
TB treatment, our study adds to the mounting evidence that
supports the digital observation of pill-taking as an aternative
toin-person DOT in usual care.

Study Limitations

First, the study was conducted during the COV ID-19 pandemic;
therefore, some unintended disruptions in the health system
could have altered the practical delivery of usual DOT carein
Kampala, Uganda. This may have led to an overestimation of
the effect of VDOT. However, a study comparing VDOT and
UCDOQOT before and during COVID-19 found significantly
higher adherence to TB treatment when using VDOT during
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both periods [50]. It is possible that adherence in the UCDOT
group could have been greater if not for socia distancing
mandates and lockdowns. The potential effect of the pandemic
period may limit the generalizability of our findings. Second,
our study did not specifically measure clinical endpoints, such
as sputum conversion at follow-up visits. Although we attempted
to extract this information from routine clinic records, the data
were incomplete. Third, our study was conducted in an urban
setting, which may limit its generalizability to rural settingsdue
to differencesin key factors such as cellular network availability,
internet coverage, and access to electricity for charging phone
batteries. Lastly, the enhanced VDOT intervention included
multiple components; however, this study was not designed to
isolate the effects of specific components that may have
contributed to the differences in adherence observed. Future
studies could use a factorial design to assess the impact of
different intervention components. There are cross-cutting
limitations common to all digital health technologies, such as
technology infrastructure, cost, and access to smartphones,
which will impact adoption, scale-up, and sustainability,
particularly in low-income settings [18].

Considerationsfor Future Adoption, Scale-Up, and
Sustainability of VDOT

We proposed several considerations for the broader adoption,
scale-up, and sustainability of VDOT in low-resource settings.
Our findings support the need to carefully address the known
facilitators and barriers to VDOT acceptability, such as those
highlighted in the qualitative exit study of patients who used
VDOT inUganda[30]. First, VDOT requires upfront investment
in the health system and loca technology infrastructure to
facilitate scale-up. A robust system would include the
hardware—computers or smartphones—and the
software—access to the internet, cellular networks, and
maintenance of the VDOT system. Thereisalso an overarching
need for adequate access to eectricity. Second, national TB
programs could leverage public-private partnershipswith entities
such as telecommunication companies that manage vital
resources such as internet coverage for sustainability. Third,
standardized training for health providersis essential to facilitate
the effective use and adoption of digital technology. Fourth,
there is a need to integrate the VDOT system into the general
health management information system to ensureinteroperability
and thetimely use of adherence outcome datato improve patient
care. The VDOT system could eventually be optimized for

Sekandi et &l

monitoring treatment adherence across multiple diseases, such
asHIV/AIDS, diabetes, and hypertension. Lastly, patientswould
need basic training in the use of the VDOT app to ensure ease
of use. In our qualitative exit interviews with users, training in
the use of the smartphone app was cited as a major facilitator
of ease of use and acceptability for VDOT [30]. In general, we
expect that health providers and patients will grow more
experienced and comfortable with technology over time.

Ethical-L egal I ssuesand Areasfor Future Research

Confidentiality, privacy, and stigma concerns are overarching
issues that must be carefully addressed to aleviate fears of
intentional or unintended disclosure of apatient’s disease status.
The flexibility of making video recordings at the patient’s
desired time and place greatly enhances privacy [51]. InaVDOT
study conducted in the United States and Mexico, patients
agreed that VDOT promotes autonomy and a sense of control
over their health [19]. The ethical concerns related to digital
technologies can vary widely, particularly in relation to
collecting, securely storing, and accessing videos that contain
personally identifiable information, such as patients’ faces.
These concerns may also have legal and sociocultural contexts
that need to be considered [52]. A recent qualitative study
focusing on digital health technologies in sub-Saharan Africa
concluded that threats to scale-up include the lack of buy-in
from both patients and providers, insufficient human resources
and local capacity, inadequate governmental support, overly
restrictive regulations, and alack of focus on cybersecurity and
data protection [53]. Further research is needed to evaluate the
impact of VDOT on patient-centered outcomes, such as
satisfaction, quality of life, user engagement with the
technology, and retention to prevent dropout. Other important
areas of research include the effect of VDOT on health system
workflows and workload, as well as its costs and
cost-effectiveness compared with usual care.

Conclusions

Theenhanced VDOT was more effectivein increasing adherence
observation to treatment than UCDOT among patientswith TB
in Uganda. This evidence supports the potential of digital
technologies to improve monitoring and support of treatment
adherence in high TB burden settings with limited human
resources. Further research is needed to evaluate which
subgroups are most likely to benefit from this technology.
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GSM: Global System for Mobile Communications

HIPAA: Health Insurance Portability and Accountability Act
MDR-TB: multidrug-resistant tuberculosis

RCT: randomized clinical trial

TB: tuberculosis

UCDOT: usua care directly observed therapy

VDOT: video directly observed therapy

WHO: World Health Organization
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