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ABSTRACT
C________________________________________________________________________________________|

OBJECTIVE:

This article examines the progress made in ufilizing telemedicine for the freatment of tuberculosis (TB), particularly in
enhancing patient adherence to freatment regimens. In a case study, the review evaluates the Ni-Kshay platform for
health professionals and patients in India, identifying pain points contributing to freatment defaults. It aligns these findings
with the country's National TB Elimination Program (NTEP) and offers recommendations to enhance telemedicine's role in
TB freatment adherence.

METHODS:

The Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) framework was used to identfify arficles
from two databases: Web of Science, and PubMed. The literature search included terms such as Telemedicine, eHealth,
mMHEALTH, Digital Health, Mobile Health, Video DOT, along with Tuberculosis and TB. Articles published between January
2021 and June 2024 were selected for the review.

RESULTS:

Out of 948 initially retrieved arficles, 4 were reviewed and a final 69 arficles included in this review. Except one, allreported
positive outcomes from felemedicine. Video DOT and video calls showed superior results among various technologies.
Instant messaging apps and smart pillboxes are rising. Mobile app solutions are promising. Telemedicine serves as a
complementary tool to in-person clinical supervision, enhancing rather than replacing traditional face-to-face oversight.
Intfegrating successful external interventions by studying local utility and limitations is crifical.

CONCLUSION:

The utilization of felemedicine in TB freatment is increasing, highlighting the necessity for documenting best practices and
establishing standardized protocols. However, the success of any technology-driven solufion hinges on its alignment with
user needs and contfextual redlities. In developing countries, it is crucial to deliberately and pragmatically integrate these
solutions to effectively address challenges such as unequal access, high costs, social stigma, comorbidity prevalence,
and delivery inefficiencies.
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INTRODUCTION
I
Tuberculosis (TB) remains a major global health challenge, with approximately 10.6 million cases reported in 2022.
Southeast Asia (46%), Africa (23%), and the Western Pacific (18%) account for the highest case burdens, where access to
continuous, quality healthcare is often limited [1]. TB has consistently been the leading cause of death from a single
infectious agent, excluding the recent COVID-19 pandemic [1].

To combat this, the World Health Organization (WHO) introduced the Directly Observed Treatment Short Course (DOTS)
program in 1994, standardizing TB treatment across nations. The regimen typically lasts 6-9 months for uncomplicated
cases, extending further for multidrug-resistant TB (MDR-TB) [2]. This prolonged treatment period is crucial for complete
bacterial eradication and the prevention of drug-resistant strains [3].

Strict adherence to TB medication is crifical for effective treatment outcomes. WHO and other organizations have
implemented various strategies to support DOTS, including the integration of digital health technologies [4]. However, the
absence of standardized tools and protocols hampers the widespread adoption of these technologies [5].

Telemedicine, the use of telecommunications and digital fechnologies fo provide remote medical care, has shown
significant potential in TB management. It offers several advantages, such as improved access to healthcare, enhanced
patient monitoring, and reduced costs [6,7]. By complementing existing healthcare systems, telemedicine proves
especially beneficial for patients requiring long-term freatment, including those with chronic infectious diseases like TB.

Successful implementation of felemedicine for managing TB, hepatitis B and C, and HIV has been documented in several
settings [8]. Other telemedicine interventions, including mobile applications, messaging services, and digital adherence
technologies (DATs), are also increasingly utilized in TB freatment [9, 10, 11, 12, 13]. However, comprehensive reviews on
telemedicine's impact on TB management remain limited [5, 8, 14].

In 2015, WHO launched the "End TB Strategy," targeting an 80% reduction in TB incidence and a 0% decrease in TB deaths
by 2030 [1]. India, which carries a significant TB burden, has responded with the National TB Elimination Programme (NTEP),
leveraging digital technologies like Ni-Kshay, an online platform that aids patient care, monitoring, and management.
NTEP offers free diagnosis and treatment and incentivizes private sector participation, which now accounts for 30% of TB
case noftifications. In 2022, India recorded 2.42 million TB cases, with extensive testing and enhanced freatment efforts,
significantly reducing case numbers. Ni-Kshay has played a critical role in these improvements.

Nevertheless, patient adherence to TB treatment remains a challenge, with default cases observed in both public and
private healthcare sectors [15]. Telemedicine offers a potential solution, as studies indicate that telemedicine-assisted
supervision improves medication adherence and reduces default rates compared to tfraditional, in-person supervision [16,
171].

This arficle explores recent advancements in TB treatment and evaluates the potential for further intfegrafion of
telemedicine interventions within the Ni-Kshay framework [4, 5]. It aims to achieve this through a comprehensive literature
review, assessing global telemedicine interventions for TB and identifying those yet to be implemented in India's NTEP.
Furthermore, this article examines the reasons for treatment defaults in India, aligning these with existing NTEP strategies
and highlighting untested telemedicine interventions. The paper concludes by recommending enhancements to Ni-Kshay
to improve medication adherence and TB management in India.
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LITERATURE REVIEW
C________________________________________________________________________________________|

RESEARCH METHODOLOGY

This study systematically reviews telemedicine-based interventions for TB treatment using the PRISMA guidelines [18], with
modifications (scoping review and broader set of keywords) to align with the Ni-Kshay framework. This study conducts a
PRISMA-informed scoping review with a systematic search and expanded keywords to synthesise evidence on
telemedicine-based TB interventions aligned with the Ni-kshay framework. The review covers studies from January 2021 to
June 2024, focusing onrecent advancements in Telemedicine. Literature searches were conducted on PubMed and Web
of Science. In this study we applied the following definition of Telemedicine, "Any intervention utilizing telecommunication,
internet, or information technology for enhancing medication adherence”. Both authors conducted the review manually,
without bibliographical software. It was agreed between the authors that papers listed under PubMed and Web of
Science databases would be deemed of sufficient quality for the review if they meet the inclusion criteria. Disagreements
were resolved through discussion, with adjudication by the first author where consensus could not be reached.

INCLUSION-EXCLUSION CRITERIA

Using the above definition of telemedicine, the final shortlist for the review was created based on specific inclusion and
exclusion criteria. Each article had to meet two inclusion criteria with at least one sub-criterion from the second seft. Articles
were excluded if they met any exclusion criteria.

Inclusion criteria

1. The article discusses a telemedicine-based intervention method for TB medication adherence.

2. At least one of the following was identfified:
(a) The article studies the implementation of a telemedicine intervention.
(b) The article studies a previously implemented telemedicine infervention with a new set of participants in a
new geographical setting.
(c) The article studies a previously implemented telemedicine intervention to improve or alter the intervention
process.

Exclusion criteria

1. The article discusses telemedicine intervention but not for TB treatment.

2. The article uses a telemedicine intervention usually used in TB freatment but for studying its freatment of non-TB diseases.
3. The article references telemedicine intervention for TB freatment but the focus of the arficle is not on studying its
implementation or medication adherence.

4. The article reference telemedicine interventions but its objective is to study in-person TB tfreatment.

SEARCH PROCESS

Initially a set of keywords were identified for the search process using TB reports by WHO [1] and the Government of India
[19]. as well telemedicine research [7,14,6]. The identified keywords were used in the following search strings for their
respective databases:

PubMed search string: (((((((((Telehealth) OR (Telemedicine)) OR (EHEALTH)) OR (MHEALTH)) OR (Digital Health)) OR
(Mobile Health)) OR (VDOT)) OR (Video DOT)) OR (EDOT)) AND ((Tuberculosis) OR (TB))

Web of Science search string: (Telehealth" OR Telemedicine" OR Tele-health" OR Tele-medicine" OR EHEALTH" OR E-Health"
OR MHEALTH" OR Digital Health" OR Mobile Health" OR VDOT" OR Video DOT" OR E-DOT" OR EDOT") AND (Tuberculosis" OR
TB")

The PubMed and Web of Science searches yielded 675 and 273 results, respectively. After reviewing the fitles and
abstracts of these 948 articles, 94 papers were short-listed. The manuscripts of these 94 papers were rigorously examined
based on inclusion-exclusion criteria. Subsequently, 69 research articles, focusing on the implementation of telemedicine-
based TB interventions between January 2021 and June 2024, were selected for the review. Each of the 25 arficles
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excluded during the rescreening fell under at least one of the exclusion criteria. The flow of information for the entire

search process is illustrated in Figure 1.

FIGURE 1: FLOW OF INFORMATION FOR THE PRISMA SEARCH PROCESS
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RISK OF BIAS ASSESSMENT

The Joanna Briggs Institute (JBI) Critical Appraisal Tools suite was utilized for a risk of bias assessment on the final shortlist
[96]. The included arficles were first grouped according to their primary study design, following which the appropriate JBI
Critical Appraisal checklist(s) were assigned to each group.

Each article was then assessed with the appropriate JBI Critical Appraisal checklist. Subsequently, the articles were
analyzed based on their checklist performance and their ability to infer adherence effectiveness of the infervention being
studied. These assessments were used to derive a risk of bias categorization at the study design level. Groups (based on
study design) were categorized into low, moderate and high risk of bias depending on the overall risk profile of the articles
within that group. Categorizing risk of bias at the study design level allowed for comparison of methodological rigor across

designs.

The assessment results have been outlined in Table 1. Randomized controlled trials demonstrated lower risk of bias, while
quasi-experimental, cross-sectional, qualitative, and textual evidence sources tended to show moderate to high risk,

reflecting methodological and inferential limitations.
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TABLE 1: RISK OF BIAS BY STUDY DESIGN USING JBI CRITICAL APPRAISAL TOOLS

Study Design JBI Checklist Used Studies Risk of Bias Notes
Randomized Conftrolled Maijella et al. [55]; Byonanebye et al. [57]; Sahile et al. o
. ] ] ) . ) Randomisation and structured follow-up
Trials (including cluster, JBI Checklist for [58]; Gashu et al. [59]; Kibu et al. [26]; Iribarren et al. [63]; . o .
. . . support internal validity. Completed trials
stepped-wedge, Randomized Controlled Manyazewal et al. [64]; Burzynski et al. [14]; Kumwichar et | Low .
L . . . . reporting outcomes demonstrate low
superiority, non- Trials al. [67]; Boutilier et al. [27]; Liu et al. [12]; Wei et al. [48]; ok
risk.
inferiority, pilot RCTs) Cattamanchi et al. [11]; Bao et al. [28]
Randomized Controlled
Trials (cluster and JBI Checklist for Sekandi et al. [54]; Tadesse et al. [24]; Iribbarren et al. [56]; Not Protocol-only papers with planned but
o
stepped-wedge Randomized Controlled Ross et al. [32]; Velen et al. [66]; Cheng et al. [79]; Jerene Applicabl not yet reported outcomes. Risk of bias
icable
protocol studies) with Trials et al. [25]; Foster et al. [46] PP cannot be formally judged.
no outcome data
L . Udwadia et al. [10]; Perry et al. [35]; Lippincott et al. [37]; Good follow-up and real-world
Cohort & Longitudinal JBI Checklist for Cohort . . .
studi stugi Bachina et al. [44]; Li et al. [38]; Rodrigues et al. [43]; Wu Moderate | adherence measurement, but non-
udies udies
et al. [69]; Wang et al. [70]; Zhou et al. [81] random allocation limits internal validity.
Useful real-world evidence but absence
. . . . . . of randomization increases selection
Quasi-Experimental / JBI Checklist for Quasi- Santra et al. [22]; Wijayanti et al. [68]; Saha et al. [16]; Moderate .
. . . ) bias. Chen et al. [21] showed reduced
Pre—Post Studies Experimental Studies Chen et al. [21] fo High o .
outcomes, suggesting implementation
uncertainty.
Analytical Cross- -
. . Good descriptive value, but many rely
Sectional / . . Zhang et al. [17]; Walle et al. [77]; Levine et al. [72];
. JBI Checklist for Analytical . . Moderate | on self-reported measures. Surveys are
Comparative Cross- . . Kiwanuka et al. [78]; Selvaraju et al. [30]; Htet et al. [74]; . . .
. Cross-Sectional Studies to High exploratory in nature with small samples;
Sectional / Survey Katende et al. [62]; Rahayu et al. [61] . .
) outcome causation cannot be inferred.
Studies
Qualitative / CFIR / 1Bl Checkiist £ Sekandi et al. [40]; Thomas et al. [52]; Mukora et al. [33]; Appropriate for exploring context and
ecklist for
Exploratory / Perception o Tumuhimbise et al. [75]; Sekandi et al. [76]; Shah et al. High experiences; however, do not measure
. Qualitative Research o o
Studies [80]; Milligan et al. [51]; El Joueidi et al. [47] adherence or treatment outcomes.
JBI Checklist for Comprehensive insight; but, quantitative
. . Qualitative Research + Szkwarko et al. [45]; Kim et al. [53]; Maro et al. [34]; components often lack randomization,
Mixed-Methods Studies . . . Moderate L .
Appropriate JBI Musiimenta et al. [13]; Milligan et al. [51] and qualitative rigor is good but not
Quantitative Checklist universal.
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Appropriate JBI
. . Quantitative Checklist Exploratory in nature with small samples;
Pilot / Feasibility / . Donahue et al. [23]; Marx et al. [29]; Casalme et al. [41]; . . .
. . matched to study design . Moderate | focusis on implementation of the
Implementation Studies . Katende et al. [62]; Tello-Cajiao et al. [71] . .
(eg. RCT, Quasi- intervention.
experimental, Cohort)
JBI Checklist for
Usability / Acceptability | Qualitative Research . . . .
. Rahayu et al. [61]; Htet et al. [9]; Kumwichar et al. [42]; Moderate | Focusis on the design and festing of the
/ Developmental and/or JBI Checklist for . . .
. . . Abas et al. [36] fo High infervention.
Studies Analytical Cross-Sectional
Studies
. JBI Critical Appraisal - .
Textual Evidence . Descriptive nature with focus on
. Checklists for Textual o . . .
(Narrative, Expert . . Robbiati et al. [39]; Park et al. [50]; Calnan et al. [60]; Moderate | providing insights about implementation
. . Evidence (Narrative or . . .
Opinion, Policy / o . Yang et al. [65] fo High and not empirical evaluation of
Expert Opinion or Policy / . .
Consensus) inferventions.
Consensus)

TABLE 2: CATEGORIZATION OF THE LITERATURE

Type of study

intervention

Telemedicine based

Participants

Geography of
study

Effectiveness*

Within
NTEP
/ Ni-

Kshay

Quasi- experimental

The intervention duration was 90 days comprising

Santra et al. [22] study SMS; voice calls B patients Delhi (India) 85.5% - 96.4% (A) Yes |once-daily text message in local language Hindi
and once a week real-time two-way 10 minutes
voice call.

TB patients, The respondents had no real-life experience using

Sekandi et al. [40] [Exploratory Mobile “sureAdhere' nurses, health Kampala N.A. Yes sureAdhere. Still, they identified some critical is-

qualitative study application orkers, family  |(Ugandal) sues such as cost of infernet, the smartphone, and
member of privacy or confidentiality concerns.
patient
Integrated patient  [Smart pillboox; medication N.A. - 90% (only end- ling| The smart pillbox sends medication updates of
Park et al. [50] management monitoring system B patients Morocco %) No patients to the system. The medication monitoring
project system operates similarly to the health worker
interface of the Ni-Kshay platform.
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Szkwarko et al. [45] Mixed  methods TB patients, IThe mobile application is used for presumptive TB
study Mobile application health workers, [Kenya 10.7% - 16.2% (A) Yes [screening. A tablet device provided to health
community orkers for the same.
volunteers
The mobile application tracks treatment progress,

Milligan et al. [51] |Mixed methods [Mobile application TB patients, Buenos Aires N.A. Yes |provides disease tailored information, allows inter-

thematic analysis health workers  |(Argentina) lactive communication between patients and
health workers, and is linked with a direct
adherence drug metabolite test.

El Joueidi et al. [47] |Consolidated Digital platform and mobile [TB patients, Kenya, Rwanda WelTel allows patients to communicate with
Framework for application “WelTel' health workers, |and Canada N.A. Yes |health workers via short message service (SMS),
implementation nurses, WelTel \voice and video call.
research (CFIR) manager

Thomas et al. [52] |Qualitative study Smart pilllbox ITB patients Chennai and N.A. No Probable missed doses would result in auto-

Mumbai (India) mated SMS fext messaging noti cations prompting
health workers to infervene with patients.

Kim et al. [53] Mixed methods |Chatbot TB patients, Seoul (South  |N.A. No The chatbot was built on an open-source plat-
study B freatment Korea) form and operates within an instant messenger

experts app called Kakao Talk.
Observational study [Mobile ‘emocha’ California (USA) Patients were daily sent two text message re-

Perry et al. [35] application TB patients 53.9% vs. 68.4% (B) Yes  |minders in the absence of submitted videos and

ere prompted to document side effects prior to
submissions.

Donahue Pilot study Software "Adobe Connect' [IB Maryland N.A. - 100% (only end- Yes [The software was used to conduct VDOT for TB

et al. [23] patients (USA) line %) patients.

Sekandi et al. [54] [Randomized con-  [Digital platform and mo- TB patients Kampala N.A. (protocol) No Weekly internet subscription, text message re-
frolled trial bile application (Uganda) minders, and incentives for those who adhere to

VDOT treatment are part of the intervention.

Maijella et al. [55] [Randomized con-  |[Voice calls TB patients Puducherry 13.0% vs. 4.7% (C, Yes [The intervention was used to remind patients to
trolled trial (India) measured loss register for anti-TB treatment after referral, in or-

to follow-up) der to reduce pre-treatment loss to follow up.

Iribarren et al. [56] |[Randomized con-  |Web platform and mobile  [IB patients Buenos Aires N.A. (protocol) Yes |A health worker and a direct adherence test strip
frolled trial application (Argentina) is assigned to each patient. The application

functions similar to Ni-Kshay.

Cattamanchi et alStepped-wedge Medication label TB patients Kampala 70.5% vs. 86.6% (C, Patients need to call health workers and provide
[ cluster-randomized [99DOTS' (Ugandal) per protocol) Yes [the label code for each medication so that their
frial adherence can be tracked.
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Tadesse et al. [24] [Cluster randomized |[Web platform “ASCENT'; TB patients Oromia and N.A. (protocol) No  [Smart pillbox and medication label were used as
trial smart pilloox; medication Addis  Ababa interventions for different participant groups and
label (Ethiopia) their adherence was measured using ASCENT.

Byonanebye Randomised control [Interactive voice response [IB patients Kampala N.A. (protocol) Yes |

et al. [57] frial tfechnology (Uganda)

Sahile et al. [58] Randomised control [SMS; voice calls TB patients Addis  Ababa [N.A. (protocol) Yes |

trial (Ethiopia)

Gashu et al. [59] Randomised control [Voice calls B patients Gondar 66.4% vs. 79% (C) Yes [The intervention involved weekly pill refilling and

frial (Ethiopia) daily medication reminders through phone calls.

Udwadia et al. [10] |[Cohort study Digital tools “Skype' and TB patients Mumbai (India) [27% vs. 68% (B, pref{ Yes [Telemedicine involved providing online

"Zoom'; instant messenger erence by patients) iconsultations to participants.
"WhatsApp'
Lippincott et al. [37]Retrospective cohort|Mobile ‘emocha’ ITB patients Maryland (USA)  [59% vs. 86% (B) Yes [Patients use emocha application through
study application Smartphone / tablet and the TB clinic uses a web-
based dashboard to conduct VDOT.
Bao et al. [28] Randomized Instant “WeChat' ITB patients Harbin (China)  N.A. (measured for No Pharmacists provide health education to TB
conftrol trial messenger self-management) patients through WeChat.
Instant messenger ITB patients Cape Town |N.A. (measured response] WhatsApp based reminders were sent prior to

Marx et al. {29] Pilot study "WhatsApp' (South Africa) to reminders) No appointment scheduled 2-3 days after the

diagnostic visit.

Robbiati et al. [39] [Situation analysis Digital platform Health workers  |Luanda (Angola) [N.A. Yes [The digital platform is used for electronic medical
and health records and functions similarly to the health
facility orker's interface of the Ni-Kshay platform.

Calnan et al. [60] |Government Helpline number/call centre [TB patients Philippines N.A. Yes |Intervention is similar to TB helpline Ni-Kshay

project Sampark

Bachina et al. [44] |Observational cohortMobile ‘emocha’ ITB patients Minneapolis, The study implemented VDOT 7 where Patients

study application Minnesota (USA) [54.5% vs. 81% (B) Yes ere instructed to submit videos documenting
ingestion of medications.

Casalme Feasibility and Web platform and mobile  [TB patients, Cavite (Philip- 78% vs. 82% (B) Yes [Patients had to record videos of them ingesting TB

et al. [41] acceptability study |application “sureAdhere' health workers  [pines) medication as part of the VDOT intervention.

Rahayu et al. [61] Mobile “SIKRIBO' Health workers  [Semarang N.A. (measured system| The SIKRIBO application was developed using de-

Usability study application (Indonesia) usability) Yes  [sign science research methodology.

Htet et al. [?] Usability study Mobile application "TB- TB patients Mandalay City  [N.A. (measured system No The application screens TB risk propensity of

screen’ (Myanmar) usability) parficipants.
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Mobile application "TB

ITB Assistant is the patient side and TB Doctor is

Li et al. [38] Prospective cohort  |Assistant’; web system and  [TB patients Tianjin (China)  |51.84% - 84.84% (A) Yes [the doctor side of the system. Doctors can view
study mobile application "TB medication feedback, respond to questions,
Doctor' icommunicate with patients and send messages.
The framework is similar to Ni-Kshay.
Kibu et al. [26] Randomized confrol [SMS TB patients Buea and 41.7% - 61.2% (A) Both single way and double way communication
frial Kumba districts No  [through SMS were assessed as interventions
(Cameroon) individually as well as combined.
Voice text mobile application was developed
Katende et al. [62] [Pilot study TB patients, Kampala 66% - 85% (measured using design science research methodology.
Mobile application health workers  |(Uganda) adherence port) No
Iribarren et al. [63] [Pilof randomized Buenos Aires Patients can interact with health workers assigned
conftrol trial Mobile application ITB patients (Argentina) 81% vs. 95% (C) Yes [fo them through the application. Additionally, a
urine drug metabolite test is provided as part of
the infervention.
Manyazewal Randomized control [Smart pillbox TB patients Addis  Ababa [N.A. -79% (measured No -
et al. [64] frial (Ethiopia) average adherence)
Burzynski et al. [14] [Randomized non-  |Digital tool “Skype'; mo- ITB patients New York City 87.2% vs. 89.8% (C) Yes [Patients can either record their videos
inferiority trial bile application (USA) (sureAdhere) or do live video conferencing
“sureAdhere' (Skype) from their preferred locations for VDOT.
Smart pilloox; medication Sale (Morocco) N.A.(measured cost The web-based medication monitoring system
Yang et al. [65] Project study monitoring system TB patients effectiveness using No sends medication reminders to patients. Smart
Markov model) pillboxes only monitor opening of the pillboxes
electronically and not ingestion.
Manyazewal et al. |Randomized control Smart  pillbox TB patients Addis  Ababa [98.97% vs. 99.01% No -
[31] trial "evriMEDS00' (Ethiopia) (C. measured geometric
mean)
Selvaraju et al. [30] Instant messenger "What-  Health workers,  [Tamil Nadu 45% - 0% (A, measured WhatsApp was used by health workers to
Survey study SApp' TB patients (India) loss to follow up) Yes |[communicate among themselves. The
infervention was concerned with improving
icommunication between health workers.
Velen et al. [66] Randomized control [Mobile application B patients Vietnam N.A. (protocol) Yes [The mobile application functions similar to the Ni-
frial Kshay application.
Kumwicharet al.  |Cluster Mobile application "LINE' TB patients, Songkhla N.A. (protocol) Yes [The specific VDOT system "TH VOT' was used as the
[67] Randomize health workers  [province (Thai- intervention.
d control trial land)
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Kumwicharet al.  |Usability study Mobile application "LINE' B Songkhla N.A. Yes [The specific VDOT system "TH VOT' was used as the
[42] patients|province (Thai- intervention.
, health workers  [and)
Randomized conftrol Patients can use the unstructured supplementary
Boutilier et al. [27] |trial SMS TB patients Nairobi (Kenya) N.A. No services data (USSD) interface to access
leducational information about TB and information
on their adherence performance compared with
other (anonymised) patients.
Wijayanti et al. [68] |Quasi- experimental [Mobile application "ER- B Jakarta ERLINA provides audio-visual media, use of
study LINA' patients|(Indonesia) N.A. No straightforward language and communication
, health workers with assigned health worker. It also allows real-
fime data monitoring without internet.
The fuberculosis monitoring encouragement
ladherence drive (TMEAD) reminds, dispenses, and
Quasi- experimental [Mobile application; web- senses a patient's adherence to the freatment
Saha et al. [16] study based application; physical [TB patients Nasik, 90% vs. 99% (B) No regime. Web-based application provides real-time
device 'TMEAD' Maharashtra monitoring with daily updates and patient
(India) analytics to health institutions. Mobile application
provides instant updates and a quick view for the
on-field TB health worker.
Wu et al. [69] Prospective cohort  |[Mobile application; smart Shanghai (China)N.A. (measured three for The application provides medication reminders to
study pillbox ITB patients groups) No patients.
Instant  messenger 83.8% vs. 95.3%
Wang et al. [70] Longitudinal study  [WeChat'; smart  pill- box [TB patients China vs. 95.7% (C, Con- Yes |WeChat and EMM were studied as separate
trol group vs. WeChat inferventions.
group vs. pillbox group)
Tello-Cajico et al.  [mplementation Instant messenger TB patients Cal (Colombia) [N.A.vs. 98% (A, only Yes  |WhatsApp was used for video calls between
[71] study "WhatsApp' end-line %) patient and health worker to ensure that the
patient ingests the medication.
Development and  [Mobile application "GR- IT experts, Gamified real-time video observed therapies (GR-
Abas et al. [36] \validation study VOTS' health workers,  [Malaysia N.A. No VOTS) uses gamification of freatment schedule to
health admin- improve adherence.
istrators
Levine et al. [72] Cross-sectional Voice calls; message [IB patients Connecticut N.A. - 94.3% (A, only Yes |
study prompts (USA) endline %)
Bridging the Gap: Telemedicine and TB Treatment Adherence in India 10

Asia Pacific Journal of Health Management 2026; 21(1):i3947. doi: 10.24083/apjhm.v21i1.3947



Chen et al. [21] Pre-post study Medication label TB patients Himachal 93.1% - 92.9% (A, Yes [The intervention caused a decline in favourable
'99DOTS' Pradesh (India) |measured favourable outcome. However, the decline was not
treatment outcome) stafistically significant.
Rodrigues et al. [43]|Cohort study Mobile  application TB patients Bangalore, 94% (measured accept- Yes  |v.Cure was used to record medication ingestion
"v.Cure' Karnataka (India)ability of videos) videos by patients. It also sent adherence text re-
minders.
SMS; mobile wallet “Wise- N.A. (measured financial The My Mobile Walllet intervention is composed of
Musimenta etal.  |Mixed methods |Cash';  smart pillbox  [TB patients Uganda incentives preference) No a real-tfime medication monitor, SMS reminders,
[13] formative study "evriMED1000' and a WiseCash component for sending mobile
money incentives. The NTEP also has similar re-
ward systems under ifs programme.
Foster et al. [46] Cluster ran- Web platform "ASCENT'; TB patients Addis  Ababa [N.A (protocol) No Smart pillbox and medication label were used as
domised trial smart pillbox “evriMED"; and Oromia inferventions for different participant groups and
medication label (Ethiopia) their adherence was measured using ASCENT.
Livetal. [12] Cluster ran- Smart pillbox B patients China 10% vs. 9% (C, mea- No  |A monthly review of adherence data was
domised superior- ity sured loss to follow up) provided to patients, and also used to provide
frial differentiated care for patients with adherence
issues.
The interface of e-Patient Service System (e-PSS)
Zhang et al. [17] Comparative cross [Electronic system “e-PSS' ITB patients Wuhan (China) [80.33% vs. 84.28% (B) Yes [is used by health workers for data collection and
sectional study data management of patients, similar to Ni-Kshay.
This study compares e-PSS with the paper based
ITB control information system (TCIS).
Manyazewal et al. |Randomised Smart  pillbox Addis  Ababa [63.43 vs. 85.78 (C, Treatment satisfaction questionnaire for
[73] controlled trial "evriMED500' TB patients (Ethiopia) e ectiveness measured No medication version 4 (TSQM 1.4) was used to
using TQSM) icompare effectiveness, side e ects and
iconvenience between arms of the study.
Pragmatic cluster Web platform "ASCENT'; South Africa, Smart pillbox and medication labels to be used as
Jerene et al. [25] [randomised trial smart pillbox “evriMED'; TB patients Tanzania, N.A. (protocol) No interventions in different facilities and their
protocol medication label 99DOTS Ukraine and performance to be measured using ASCENT.
Philippines
Mukora et al. [33]  |Qualitative study Smart pillbox “evriMED'; SMS; [Health workers,  [South Africa N.A. No Health workers were surveyed and thematic
voice calls stakeholders analysis was used to discuss the feasibility and
effectiveness of the interventions.
Htet et al. [74] Survey study Mobile application Community Mandalay N.A. Yes |Mobile application used to calculate the TB risk
members (Myanmair) propensity of patients by uploading their de- tails.
Tumuhimbise Qualitative study Mobile application Health workers  [Mbarara N.A. (measured usability) Yes  [The module for SMS reminders was also intfegrated
et al. [75] "Tuuka'; SMS (Uganda) within the application.
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Sekandi et al. [76] [Cross-sectional Mobile application TB patients Kampala N.A. The application is used for asynchronous
qualitative study (Uganda) Yes |monitoring, that is, patients need fo record and

submit videos of ingesting medicine.

Ross et al. [32] Randomized con-  [Smart pillbox *Wisepill Durban, Study included four arms, with the pillbox being
frolled trial RT3000' TB patients KwaZuluNatal(So[N.A. (protocol) one of the interventions. Participants using the

uth Africa) No pillbox could choose a text message reminder
from a guided menu, and received weekly
messages to encourage adherence.

Walle et al. [77] Cross-sectional; SMS Health workers  [llu Aba Bor and Structural equation modelling was used to
Structural equation Buno Bedelle N.A. Yes |measure the infention and atfitude towards using
modelling (Ethiopia) SMS by health workers.

Kiwanuka Survey study Medication label 99DOTS;  [IB patients Uganda N.A. Yes |

et al. [78] SMS; voice calls

Cheng et al. [79] [Randomized con-  [Mobile application "Bac Sy [TB patients N.A. (measured cost Participants were provided money to cover the
frolled trial Minh (Dr Smart)' Vietnam effectiveness) Yes |data usage costs.

Exploratory Mobile application “Ni- Health workers, [Jharkhand and Ni-Kshay SETU is developed by Indian Institute

Shah et al. [80] qualitative study Kshay SETU' stakeholders Gujarat (India)  [N.A. Yes |of Public Health, Gandhinagar and follows NTEP

protocols. However, it is outside the official Ni-
Kshay framework under NTEP.
Abas et al. [49] Single-arm Mobile application "GR- ITB patients Malaysia 81% vs. 90.87% (B) No Gamified real-time video observed therapies (GR-
infervention study  [VOTS' VOTS) uses gamification of freatment schedule
Participants had to choose between application
Zhou et al. [81] Cohort study Mobile application; smart  [TB patients Yiwu city, 89.6% vs. 94.3% (B) Yes |used to send reminders and smart pillbox as
pilloox Zhejiang China) inferventions. A management website was
provided for medical staff to monitor patients'
medication adherence.

Maro et al. [34] Mixed  methods [Smart pillbox “evriMED'; SMS [TB patients Kilimanjaro N.A. (based on No EvriMED is a medication dispenser with inter-

study (Tanzania) demographics) net connectivity that can send real-time SMS re-
minders.
Smart pillbox; mobile ap- 36% vs. 9.8% (C, The pillbox also has audio message reminders. An

Wei et al. [48] Randomized con-  |plication; instant messenger [TB patients Tibet measured poor No associated application to facilitate adherence

frolled trial

"WeChat'

adherence to freatment)

monitoring and communication between patients
and healthcare workers and a free smartphone

data package was also part of the intervention.

Note: In effectiveness column, (A) is "baseline adherence % - end-line adherence %'; (B) is “in-person intervention vs. telemedicine intervention’; (C) is “control group adherence vs. intervention group adherence'. Details
beyond these categories have been speci ed in parentheses.
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TABLE 3: GLOBAL BEST PRACTICES VS NI-KSHAY FRAMEWORK

Domain

Global Best Practices

Current Status in Ni-Kshay

Identified Gap

Feasibility in India

Adaptable Recommendation

Patient Engagement
& Support

Patient-centred mobile apps
enabling self-monitoring,
adherence fracking,
education, and
communication

Patient information largely
managed by healthcare
workers; limited active patient-
side engagement

System is provider-driven;
weak patient
empowerment and
interaction features

High (apps already
exist; patient
literacy improving)

Strengthen patient interface with self-
monitoring dashboard, educational
material, symptom reporting, and
structured follow-up prompts.

Tele-Counselling

Counselling delivered by
frained TB health professionals;
structured behavioural support

Ni-Kshay Sampark provides
tele-counselling but via non-
medical call agents

Potential misinformation;
absence of clinical
qualification and

Moderate (large
population,
workforce training
burden, and policy

Hybrid model with medically trained
counsellors for complex cases;
standardized counselling scripts; clear
escalation process; phased rollout rather

Communication

protocols expertise in counselling infegration . .
than nationwide at once.
challenges)
. L No formal integrated
Multi-channel communication: Moderate

SMS, voice, instant messaging,

SMS reminders and telephonic
counselling exist; WhatsApp is

messaging platform within
Ni-Kshay; limited two-way

(significant number

Integrate app or platform linked two-way
messaging system; retain SMS for low-tech

Channels app notifications, two-way . of patients are low-

. . used informally structured users

interaction o tech users)

communication
Smart pillboxes (MERM), . . . . . i .
o o Smart pillboxes and 99DOTS Fragmented integration; Consolidate DATs into unified Ni-Kshay
Digital Adherence medication labels, automated . . o ) )
exist; alerts and reminders are underutilisation of real- High dashboard; real-time adherence

Technologies (DATs)

tracking dashboards integrated
with apps

in use

fime analytics

monitoring

Video-Supported
Treatment (VDOT)

Widely validated VDOT systems
improving adherence and
reducing burden

No integrated VDOT in Ni-
Kshay; limited due to infernet
coverage challenges

Lack of in-system VDOT
functionality; reliance on
voice calls

Moderate (selective
due to digital
divide; realistic
mainly for urban,
higher-income

Pilot VDOT in urban / connectivity-strong
districts

populations)
Integrated Unified platforms integrating Ni-Kshay app + Ni-Kshay System fragmentation; Infegrate Sampark into Ni-Kshay
Telemedicine app, dashboard, VDOT, Sampark operate as separate parallel telemedicine Moderate ecosystem or create structured
Ecosystems messaging, pillboxes, reminders | systems entities interoperability
Real-fime dashboards, . . o o . . . . .
. oo . Primarily monitoring and Limited analytical analysis Introduce intervention focussed clustering
Data Use & Analytics predictive analytics, early Moderate

identification of risk of default

registry functions

for proactive intervention

and risk-flagging processes

Equity & Access

Offline capability, low-data
solutions, multilingual design,
inclusive design

Internet connectivity
challenges; reliance on
telephony and SMS for many

Digital divide limits
advanced telemedicine
reach

High for low-tech
tools; Moderate for
video

Prioritize SMS/voice + DAT strengthening;
selective VDOT rollout; vernacular and
low-bandwidth app optimisation
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TABLE 4: USER-CENTRIC DESIGN ENHANCEMENTS FOR IMPROVING NI-KSHAY FRAMEWORK

Recommendation

Description of suggestion

Name of application Integration proposal

Reasoning behind recommendation

Offline function

The application should be able to save changes made in
online mode. Later, it should automatically update the
information when internet becomes accessible.

Ni-Kshay application
and TB Arogya
Saathi

Internet availability is a huge issue in India. This would
reduce the waiting time of health workers when they are
Doing field visits.

Health worker forum

The forum is used for communication amongst health
Iworkers. Users can post queries in the forum where other
health workers can answer. Answers can be upvoted or
downvoted based on their usefulness and correctness.

Ni-Kshay application

The forum should be available
on the homepage of the Ni-
Kshay application.

Instructional and technical issues with the application
often need immediate attention. Since updates aren't
instant, this forum will offer health workers insights on how
others handle such situations, serving as user feedback.

Patient forum

This forum is used for communication amongst TB patients.
Similar o the health worker forum, TB patients can post
queries in the forum which other TB patients can answer.
IAnswers can be upvoted or downvoted based on their
usefulness and correctness to ensure false information is
not spread. TB patients can visit archives for useful
information.

ITB Arogya Saathi

The forum should be available
on the homepage of the TB
IArogya Saathi application.

B patients can find the forum helpful regarding side
effects, motivation, destigmatization, and a sense of
icommunity.

INi-Kshay application

IThe notepad should be

It can be used to create to-do lists, remember medicine

(gamification)

based on adherence, displayed on the app's progress
meter. Better adherence results in higher-ranked badges.
Milestones include complete adherence for a period,
completing TB treatment tutorials, and medication
changes.

page should be used to
infegrate the suggestion.

Notepad A notepad section will help users keep a tab of their and TB Arogya available inside the names and schedules, and manage appointments for TB
progress or manage their daily routine. Saathi patient/health worker forum patients. Health workers can utilize the notepad to
since both are text-based tools. jorganize their daily workload. It will be useful for recording
land sharing information on the forum.
Points and badgePatients are presented with a tfreatment timeline and ITB Arogya Saathi IThe home page, freatment de- [Gamifying will improve the motivation of patients. They
rewards milestone indicators. As they progress, they earn points tails page, adherence details ill be inclined to earn higher rewards and badges on

their profile for which they will improve their adherence
rafes.

Leaderboard
(gamification)

The leaderboard ranks patients based on their
adherence performance, including points and badges.
These leaderboards can be categorized by geography,
demographics, type of intervention, and time period.

1B Arogya Saathi

IThe leaderboard shortcut
should be available on the
homepage of TB Arogya Saathi.

Patients can access these leaderboards to see their

ladherence performance ranking. This feature moftivates

them to improve, allows them to compare their progress
ith others, and helps destigmatize the TB medication

Patients can see their ranking and view the points and process.
badges of others, while maintaining anonymity.
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RESULTS AND DISCUSSION

The COVID-19 pandemic and the WHO's "End TB Strategy" have accelerated the adoption of telemedicine for TB
tfreatment [20]. Table 2 summarizes the reviewed articles, detailing author information, study type, intervention, participant
characteristics, geography, and effectiveness. The studies vary in how effectiveness is assessed: (a) Baseline versus end-
line adherence (b) Comparison of in-person and felemedicine interventions (c) Control group versus intfervention group
adherence. Additional notes are included where effectiveness could not be measured, such as in ongoing studies.

The review categorizes telemedicine interventions used in TB freatment. Most studies, except Chen et al. [21], reported
positive outcomes. Video-assisted DOTS (VDOT) and health worker phone calls for medication adherence have
demonstrated effectiveness [22,23]. Cost-effective methods like medication labels (e.g., 99DOTS) are widely adopted in
high TB-burden countries [11,24,25]. SMS reminders are effective in medication adherence and information dissemination
[26,27]. Instant messaging apps, such as WhatsApp and WeChat, are increasingly used for communication between
patients and health workers due to their convenience [28,29,30].

Smart pillboxes, such as eviiMED and WisePill (also called medication event reminder monitors or MERM), are another
important tool. These devices store TB medication and electronically frack when opened, fransmitting data to a patient
management system. They are typically paired with SMS and voice call interventions [31,32,33,34].

Mobile applications designed explicitly for TB medication adherence have emerged as a significant advancement. These
apps feature interfaces for patients, health workers, and doctors, enabling schedule management, communication, and
freatment monitoring [35,36,37.38,39]. Many are designed to facilitate VDOT [40,41,42,43], with popular apps such as
sureAdhere and emocha being widely used [14,44]. Applications are also employed for presumptive TB screening,
documenting side effects, and patient-health worker communication [45]. For example, the ASCENT app monitors TB
freatment via smart pillboxes and medication labels [24,46], while WelTel facilitates SMS, voice, and video communication
between patients and health workers [47].

Mobile applications often integrate with other telemedicine tools, including smart pillboxes, SMS, voice calls, and mobile
wallets, yielding positive results [48]. Discussions have also emerged about gamifying TB medication adherence through
apps [49]. Before presenting recommendations, this review will examine the reasons for TB treatment defaults in India and
the telemedicine initiatives for TB elimination under NTEP.

CASE: TB ELIMINATION IN INDIA

To complement the literature review and ground the findings in practice, this artficle adopts a case study approach to
examine the use of telemedicine for TB treatment in India. Case studies are suitable for public health research as they
allow detailed examination of complex health system interventions. India’s high TB burden and nationwide
implementation of the Ni-kshay platform under the NTEP provide a relevant setting fo explore treatment adherence
challenges. This approach allows for an assessment of how digital tools interact with social, economic, and health
factors contributing to treatment default. It also aids in identifying practical gaps and opportunities to stfrengthen
telemedicine-supported TB care.

DEFAULT IN TB TREATMENT

India's TB eradication program faces multiple challenges, including non-adherence to treatment and delays in testing.
Non-compliance is widespread, driven by direct and indirect financial burdens, despite free tfreatment availability at
public facilities [82,83]. Many patients remain unaware of these free services [84]. Social stigma remains a persistent issue,
causing freatment default despite efforts to reduce stigma [19,85,86]. Misconceptions about TB and lack of scientific
awareness exacerbate the stigma problem [84,85].

Additional factors contributfing fo treatment default include drug side effects, fear of hospitalization, long waiting times,
and lack of family support [84,82]. Patients in the private sector are harder to retrieve due to challenges like treatment
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costs, travel, and perceptions of ineffective medications [15,19]. Private providers are incentivized for TB case notifications,
even if patients contfinue private freatment [19].

Certain populations face disproportionate challenges. Low-income households struggle with treatment affordability,
delaying care-seeking and reducing adherence. Poverty is both a risk factor and an outcome of TB [19]. Patients with
comorbidities like HIV or diabetes are prone to non-adherence due to resistance, stigma, and financial constraints.
Geriatric patients face additional challenges, including forgetfulness and comorbidities, which elevate default rates [87].
Migrant TB patients often default due to alack of employer support and familial pressures [84]. Gender and sexual identity
discrimination, along with household responsibilities and limited autonomy, further affect adherence, particularly among
women and female sex workers [19,88]. Drug resistance complicates freatment, increasing the likelihood of default,
especially in MDR-TB cases [89]. Many patients default prematurely upon feeling better, particularly in MDR-TB cases,
despite ongoing efforts fo mitigate non-adherence [89,90].

INTERVENTION UNDER NTEP

High treatment default rates challenge India's TB eradication efforts, increasing the burden on government programs.
Under the National TB Elimination Programme (NTEP), "Ni-Kshay Diwas" (an observance and community engagement day)
is observed on a day every month to retrieve patients lost to follow-up. This involves health officials, community leaders,
and healthcare workers across public and private centers [19]. However, retrieving defaulters remains challenging [15],
necessitating intferventions that target default-causing behaviors during diagnosis and tfreatment.

To address adherence challenges, the government implements direct benefit transfer (DBT) schemes under NTEP, which
provide financial support to patients. Programs like Ni-Kshay Poshan Yojana (NPY) offer nutritional support and
fransportation incentives for those in remote areas. Economic incentives are also provided to healthcare workers to
encourage successful freatment completion. Additionally, community engagement initiatives aim to raise awareness,
reduce social stigma, and promote health-seeking behaviors [19].

TELEMEDICINE INTERVENTIONS

Despite efforts to reduce defaults, adherence challenges persist. Telemedicine interventions through the Ni-Kshay
framework are critical in mitigating defaults. Ni-Kshay Sampark, a dedicated call center, assists TB patients and healthcare
providers daily. It includes an online grievance system and tele-counseling services, which help dispel misconceptions and
enhance patient self-care [28].

The Ni-Kshay mobile application and web portal serve as patient information management systems for registered
healthcare workers. Patients can be added to the database through public health workers or private practitioners and
can frack their progress via the app. This has improved tfreatment outcomes and reduced follow-up losses. Less tech-savvy
patients are supported by their healthcare workers, while those more proficient in technology can monitor their treatment
independently.

Ni-Kshay Sampark operates separately from the Ni-Kshay app and provides tele-counseling by customer support
executives who are not medical professionals. While useful, this can lead to miscommunication if their advice differs from
that of healthcare workers. The Sampark service also uses SMS for patient engagement, and smart pillboxes send
audiovisual reminders to ensure medication adherence. The "99DOTS" system also alerts patients who miss doses by
sending SMS reminders [921].

Telemedicine has proven effective for TB management, especially with Video Directly Observed Therapy (VDOT), which
has shown positive results for TB freatment adherence [92]. However, less than 50% of India has internet access [93], making
it difficult for low-income patients to benefit from video consultations. Given the high TB burden, providing internet data
packs would be costly, and the Ni-Kshay framework currently lacks integrated video-calling capabilities.
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Health workers mainly rely on voice calls and in-person visits, occasionally using messaging apps like WhatsApp for
communication, though these are not formal telemedicine tools under NTEP. Telephonic counseling has been crucial in
ensuring adherence among multi-drug-resistant TB patients [94], while telemedicine has been used to monitor TB patients
during the COVID-19 pandemic [20, 95]. Video-assisted telemedicine offers potential, particularly for managing vulnerable
groups such as women, elderly patients, and those with limited access to healthcare, but nationwide implementation
remains challenging.

STRENGTHENING NI-KSHAY FRAMEWORK
___________________________________________________________________________

COMPARING WITH GLOBAL TELEMEDICINE EVIDENCE

A comparison of the Ni-Kshay framework with global initiatives in TB elimination highlights several similarities and differences
in the use of mobile applications, VDOT (Video Directly Observed Therapy), smart pillboxes, medication labels, and SMS-
based interventions. While the Ni-Kshay app supports smart pillooxes and 99DOTS medication labels for adherence
management, it lacks support for synchronous or asynchronous VDOT [71].

VDOT has proven highly effective in managing TB tfreatment adherence globally [44, 41]. However, providing free VDOT
to every TB patient in India may not be feasible due to infrastructural challenges, scalability, and patient-specific issues
such as internet access, data costs, and familiarity with video technology. Implementing a nationwide VDOT system would
be cost-intensive, requiring significant investment in infrastructure and training. Patients who can afford private healthcare
or VDOT can still frack their adherence through the Ni-Kshay or TB Arogya Saathi applications (Aarogya Sathi is a digital
support application under NTEP - https://tbcindia.mohfw.gov.in/tb-aarogya-sathi/), alongside general-purpose tools like
Adobe Connect [23], Skype [14], and Zoom [10]. These digital platforms allow video calls or recordings, though adherence
tracking typically occurs through a separate application.

Medication labels and smart pillboxes within Ni-Kshay use SMS or mobile apps to send reminders and track missed doses
[34, 48]. SMS is also employed for awareness campaigns and reminders [26]. In the Ni-Kshay framework, SMS and voice
calls are common tools for communication, though SMS functions outside of the Ni-Kshay app and are not automated.
Only one reviewed application had integrated SMS functionality [75]. Nonetheless, updating a patient's profile in Ni-Kshay
can trigger SMS notifications, and healthcare workers can use voice calls when necessary [19]. A chatboft is not part of
Ni-Kshay [53]; instead, Ni-Kshay Sampark and informal communication through voice calls or messaging apps between
patients and healthcare workers fulfill this role.

Mobile wallets have been used to distribute financial incentives to TB patients [13]. Through the TB Arogya Saathi app.
patients can link their accounts to the DBT (Direct Benefit Transfer) schemes under NTEP. However, this feature is
unavailable in the Ni-Kshay app [19].

IMPLICATIONS AND RECOMMENDATIONS

The Ni-Kshay framework constitutes a comprehensive ‘technology + human' integrated system supporting TB eliminatfion
in India. It encompasses a wide range of telemedicine interventions, implemented variably across different socio-
economic confexts, in accordance with feasibility and implementation constraints. We compared individual
telemedicine components of the Ni-Kshay framework with the global best practices evidenced in the literature. As
comprehensive as it is, some gaps remain in the Ni-Kshay framework. These gaps are listed in Table 3, along with their
potential feasibility for India, and potential recommendations to commence their integration into the Ni-Kshay framework.
Furthermore, closing each identified gap is an enormous challenge considering the sheer scale at which TB elimination
needs to be addressed in a country like India. A clear example of this is the implementation of VDOT. Literature
demonstrates VDOT as an effective intervention for TB freatment adherence and outcomes [23, 40, 41, 42, 43, 44]. Pilot
studies conducted in India for VDOT also show encouraging results [22]. However, VDOT is not feasible nationwide. While
it can be used in urban settings with strong internet connectivity, such accessibility represents a very small fraction of
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India’s population [19, 83]. A substantial digital and financial divide exists, especially in the rural and socio-economically
disadvantaged settings [15, 82, 83, 84, 86].

The infrastructural requirements, internet dependency and associated implementation costs make nationwide
implementation of VDOT into the Ni-Kshay framework highly difficult. In contrast, voice calls as an alternative to VDOT
remains practical and cost-effective [22, 55]. Other countries like Ethiopia and Uganda have also adopted voice calls
over VDOT due to the costs and challenges associated with the latter [58, 59, 78]. Thus, understanding the context in which
VDOT, despite being a global best practice, is not integrated within the Ni-Kshay framework becomes important.
Recommendations towards closing the gaps in the Ni-Kshay framework cannot always be to adopt the global best
practice.

On the other hand, it is pragmatic fo identify opportunities of improvement in the interface design and features of the Ni-
Kshay application and TB Arogya Saathi. Since these applications are already in use, they do not require additional
infrastructure investments. Moreover, health workers are provided training for using these applications and patients are
also familiar with them. At the same time, it is not advisable to integrate every identified feature info Ni-Kshay, as this may
infroduce unnecessary complexity and reduce the app's usability.

Several mobile apps were identified in the literature that are used for monitoring and analyzing medication adherence.
Upon comparison, the Ni-Kshay app covers most of the essential features offered by these apps. For example, the
calendar view that visualizes patient progress, is a common approach in adherence applications [43, 36]. Both Ni-Kshay
and TB Arogya Saathi offer a user-friendly interface that is easy to navigate and avoids clutter. Some missing interventions
are already covered through alternative methods. For instance, Ni-Kshay Sampark and informal communication between
patients and healthcare workers lessen the need for a chatbot.

Ultimately, we finalize a set of meticulous, actionable design and UX improvements that can improve the ufilization of Ni-
Kshay application and TB Arogya Saathi, as detailed in Table 4. The focus of these recommendations is fo potentially
enhance workflow connectivity and interoperability without hindering existing processes.

THEORETICAL AND PRACTICAL CONTRIBUTIONS
C________________________________________________________________________________________|

THEORETICAL CONTRIBUTIONS

This review also asserts that global standards in telemedicine interventions for TB medication adherence and oufcomes
do not represent universally transferable solutions. By systematically comparing the current Ni-Kshay framework with
research evidence, the review argues for a pragmatic and context-appropriate framework, wherein adoption of
telemedicine interventions must be balanced against infrastructural realities, cultural contexts, and socio-economic
constraints.

This research also helps in conceptualizing the telemedicine infrastructure as a hybrid ecosystem, wherein health workers
and technological tools play an equally important role. This helps in reinforcing the perspective that telemedicine policies
and infrastructure for TB elimination need to consider the human intermediaries involved in the process.

Furthermore, it identifies that the gaps in Ni-Kshay framework as compared to global standards are not always system
deficiencies. Some of these occur due to policy constrained by economic and social constraints, offering the
interpretation that selective non-adoption of certain tools, such as VDOT, is strategic in nature rather than a system failure.
Finally, it contributes to the discussion on patient-centered versus provider-centered digital health systems. While research
evidence increasingly prioritizes patient empowerment and self-engagement, the Ni-Kshay framework is largely provider-
driven. The recommendations provided in this research for adoption into the Ni-Kshay framework considers a balance
between these two approaches.
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PRACTICAL CONTRIBUTIONS

This research demonstrates why strengthening low-bandwidth, cost-effective tools, such as voice calls, SMS-based
reminders, and digital adherence technologies already embedded within Ni-Kshay framework, represents a sustainable
and context-responsive approach. It also contributes a set of pragmatic recommendations for improving the Ni-Kshay
and TB Arogya Saathi applications without imposing additional infrastructural burden.

The recommendations for offline functionality, structured messaging systems, interoperability improvements, unified
dashboards, and workflow-supporting design features are grounded in the realities of daily field operations of health
workers. These suggestions reinforce system usability and reduce friction for health workers. They also enable smoother
workflow in rural and low-connectivity environments. Moreover, the proposed design enhancements with respect to
health worker forums, notepad utilities, and analytics dashboard can contribute to worker empowerment by fostering
peer learning and providing real-time decision support.

Patient-facing forums, self-monitoring dashboards, educational components, and carefully designed gamification
features have the potfential to enhance motivation, promote adherence behavior, reduce stigma, and cultivate a sense
of shared patient community. Finally, and importantly, this study contributes to practice by not only recommending what
should be enhanced, but also clarifying what should not be prioritized at present.

CONCLUSION

I
This article analyzed the Ni-Kshay framework under NTEP, India’s initiative to eliminate TB, focusing on addressing
medication non-adherence. India presents a unique case where in-person supervision has shown positive results, while
telemedicine is more effective when combined with face-to-face interventions. Telemedicine complements in-person
methods, helping to reduce TB rates across the country.

A systematic literature review, following PRISMA guidelines, compared the Ni-Kshay framework with global telemedicine
approaches for TB management. The current framework is well-structured and has contributed to TB elimination in India.
However, several areas for improvement were identified, though these require further study in the Indian context before
implementation. These findings, together with the recommendations outlined in this study, highlight the importance of
context-appropriate, scalable, and user-centered enhancements to strengthen the Ni-Kshay ecosystem. Operationally,
tuberculosis elimination programs operating in volatile and resource-constrained environments encounter significant
challenges, including demand uncertainty, variable patient volumes, and fluctuating healthcare resource availability.
The integration of telemedicine with artificial intelligence (Al) can function as a flexible and adaptive resource, enhancing
programmatic resilience by supporting personalized adherence interventions, and optimized treatment strategies in
unstable settings [97, 98]. One limitation of this study is the lack of consideration of potential delays due to increased
system load from integrating new features.

Telemedicine can also play a crucial role in reducing the stigma surrounding TB, a significant issue in India. Future research
should explore the use of gamification and technology-based tools for raising awareness and fostering open
communication, which could help destigmatize the disease at both individual and societal levels.
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