
 

 

 

The impact of digital health technologies on tuberculosis treatment: 

A systematic review 
 

Brian Kermu Ngwatu; Ntwali Placide Nsengiyumva; Olivia Oxlade; Benjamin Mappin-Kasirer; 
Nhat Linh Nguyen; Ernesto Jaramillo, Dennis Falzon, Kevin Schwartzman 

 

 

 

Supplementary material 

 

 

 

Table S1: Search strategy  

Table S2: Studies Excluded and Included After Review (n = 33 total) 

Table S3: Assessment of bias of randomized trials included in the review 

Figure S1: Risk of bias graph: review authors' assessments of each risk of bias item presented as 

percentages across all included randomized trials 

Figure S2: Risk of bias summary: review authors' assessments of each risk of bias item for each 

included randomized trial 
  



Table S1:  Search strategy  

 

 

Terms to denote “TB disease 

 

Tuberculosis OR pulmonary tuberculosis OR Kochs disease OR Phthisis OR TB OR MTB OR drug resistant 

tuberculosis OR MDR TB OR XDR TB OR drug resistance TB OR DR TB OR latent TB OR LTBI OR DOTS 

OR directly observed treatment short course OR TB-DOTS OR anti-TB treatment OR Kochs disease 

 

 

Terms to denote “digital technologies” 

 

Digital health OR telehealth OR eHealth OR mhealth OR telemedicine OR video health OR video recordings 

OR virtually observed treatment OR SMS OR reminders OR short message service OR text messages OR 

MMS OR multimedia messages OR MEMS OR medical electronic monitoring OR monitoring sensors OR 

monitoring devices OR video monitoring OR video conferencing OR Webcam OR videophone OR message 

reminders OR technology OR web based strategies OR health IT OR health ICT 

 

 

Terms to denote “TB treatment outcomes” 

 

Adherence OR treatment adherence OR compliance OR TB treatment adherence OR TB treatment compliance 

OR medication adherence OR doses OR cure OR completion OR default OR costs OR death OR lost to follow 

up OR side effects OR adverse events OR mortality OR morbidity 

 

 

  



Table S2: Studies Excluded and Included After Review (n = 33 total) 

 

Ref Stage  

and reason 

Author, Year  Title Intervention 

 EXCLUDED 

STUDIES:  

Stage of exclusion  

and reason 

    

[1] Abstract  

– protocol 

Green 

2015 

Protocol Do clinical decision-support reminders for 

medical providers improve isoniazid 

preventative therapy prescription rates among 

HIV-positive adults?: Study protocol for a 

randomized controlled trial. 

SMS 

[2] Abstract  

– protocol 

Bediang 

2014 

Protocol SMS reminders to improve the tuberculosis 

cure rate in developing 

   countries (TB-SMS Cameroon): a protocol 

of a randomised control study 

SMS 

[3] Abstract  

- systematic review 

Nglazi 

2013 

systematic 

review 

Mobile phone text messaging for promoting 

adherence to anti-tuberculosis treatment: a 

systematic review 

SMS 

[4] Abstract  

- systematic review 

Chen 

2015 

systematic 

review 

Mobile phone based interventions for 

promoting adherence to tuberculosis 

treatment: a systematic review and meta-

analysis 

Mobile 

phones 

[5] Abstract  

- systematic review 

Liu 

2014 

systematic 

review 

Reminder systems to improve patient 

adherence to tuberculosis clinic appointments 

for diagnosis and treatment 

Telephone 

call 

reminders 

and letters 

[6] Abstract  

- study not complete 

Browne 

2016 

Protocol Wireless Observed Therapy in Comparison to 

Directly Observed Therapy for the Treatment 

of Tuberculosis 

MM 

[7] Abstract  

- study not complete 

Garfein 

2016  

Protocol VDOT for monitoring adherence to LTBI 

treatment (VMALT)  

VOT 

[8] Abstract  

– other endpoints 

Belknap 

2010 

Conference 

abstract 

Feasibility of a microchip-based system for 

electronically observed tuberculosis therapy 

MM 

[9] Abstract  

- other endpoints 

Narasimhan 

2014  

Original 

article 

A customized m-Health system for improving 

Tuberculosis treatment adherence and follow-

up in south India. 

Voice call 

based 

[10] Full text  

- other endpoints 

Lei 

2013  

Original 

article 

Is the short messaging service feasible to 

improve adherence to tuberculosis care? A 

cross-sectional study 

SMS 

[11] Full text  

- other endpoints 

Windish 

2015 

Original 

article 

Video observed therapy for multidrug-

resistant tuberculosis: a qualitative study of 

patient perspectives 

VDOT 

[12] Full text  

- other endpoints 

Chaiyachati 

2013 

Original 

article 

A Pilot Study of an mHealth Application for 

Healthcare Workers: Poor Uptake Despite 

High Reported Acceptability at a Rural South 

African Community-Based MDR-TB 

Treatment Program. 

Mixed 



Ref Stage  

and reason 

Author, Year  Title Intervention 

[13] Full text  

- other endpoints 

Li 

2011 

Original 

article 

A feasibility study on short messaging service 

(SMS) as a strategy to improve adherence to 

TB services. 

SMS 

[14] Full text  

- other endpoints 

Mohammed 

2012 

Original 

article 

User engagement with and attitudes towards 

an interactive SMS reminder system for 

patients with tuberculosis. 

SMS 

[15] Full text  

- other endpoints 

Hoffman 

2010  

Original 

article 

Mobile direct observation treatment for 

tuberculosis patients: a technical feasibility 

pilot using mobile phones in Nairobi, Kenya. 

VDOT 

[16] Full text  

- other endpoints 

Owiti 

2012 

Conference 

abstract 

Mobile phone text messaging reminders to aid 

adherence to tuberculosis care in Eldoret, 

Kenya 

SMS 

[17] Full text  

– Qualitative 

Albino 

2014 

Original 

article 

Perceptions and acceptability of short message 

services technology to improve treatment 

adherence amongst tuberculosis patients in 

Peru: a Focus Group Study. 

SMS 

[18] Full text  

- Qualitative 

Belknap 

2013 

Original 

article 

Feasibility of an Ingestible Sensor-Based 

System for Monitoring Adherence to 

Tuberculosis Therapy. 

MM 

[19] Full text  

- Qualitative 

Person 

2011 

Original 

article 

Text messaging for enhancement of testing 

and treatment for tuberculosis, human 

immunodeficiency virus, and syphilis: a 

survey of attitudes toward cellular phones and 

healthcare. 

SMS 

[20] Full text  

- Qualitative 

Iribarren 

2015 

Original 

article 

Qualitative Evaluation of a Text Messaging 

Intervention to Support Patients With Active 

Tuberculosis: Implementation Considerations  

SMS 

[21] Full text  

– Costing 

Krueger 

2010 

Original 

article 

Videophone utilisation as an alternative to 

DOTS for tuberculosis 

VOT 

[22] Full text  

- Costing 

Mirsaeidi 

2015 

Original 

article 

Video directly observed therapy for treatment 

of tuberculosis is patient oriented and cost-

effective 

VOT 

[23] Full text  

– latent TB study 

Lester 

2015 

Protocol TB mHealth study - use of cell phones to 

improve compliance in patients on LTBI 

treatment 

SMS 

[24] Full text  

- no control group 

Garfein 

2015 

Original 

article 

Feasibility of tuberculosis treatment 

monitoring by video directly observed 

therapy: A binational pilot study. 

VOT 

[25] Full text  

- no control group 

Husler 

2005 

Unpublished 

report 

Evaluation of the On Cue Compliance Service 

Pilot. Testing the Use of SMS Reminders in 

the Treatment of Tuberculosis in Cape Town, 

South Africa 

SMS 

[26] Full text  

- no control group 

DeMaio 

2001 

Original 

article 

The application of telemedicine technology to 

a directly observed therapy program for 

tuberculosis: A pilot project 

VOT 

  



 INCLUDED 

STUDIES 

    

[27] Full text  

- included 

Wade 

2012 

Original 

article 

Home Videophones Improve Direct 

Observation in Tuberculosis Treatment: A 

Mixed Methods Evaluation. 

VOT 

[28] Full text  

- included 

Chuck 

2016 

Original 

article 

Enhancing management of tuberculosis 

treatment with video directly 

   observed therapy in New York City 

VOT 

[29] Full text  

- included 

Broomhead 

2012 

Original 

article 

Retrospective return on investment analysis of 

an electronic treatment adherence device 

piloted in the Northern Cape Province  

MM 

[30] Full text  

- included 

Mohammed 

2016 

Original 

article 

Impact of a daily SMS medication reminder 

system on tuberculosis treatment outcomes: a 

randomized controlled trial  

SMS 

[31] Full text  

- included  

Liu 

2015 

Original 

article 

Effectiveness of Electronic Reminders to 

Improve Medication Adherence in 

Tuberculosis Patients: A Cluster-Randomised 

Trial  

MM & 

SMS 

[32] Full text  

- included  

Bediang 

(Submitted for 

publication in 

2017) 

Original 

article 

SMS Reminders to Improve Tuberculosis 

Cure in Developing Countries (TB-SMS 

Cameroon): A Randomised Controlled Trial 

[Unpublished] 

SMS 

[33] Full text  

- included  

Iribarren 

2013 

Original 

article 

Text TB: A parallel design randomized 

control study to evaluate acceptance and 

feasibility of a patient driven mobile phone 

based intervention to support adherence to TB 

treatment  

SMS 

   



Table S3: Assessment of bias of randomized trials included in the review 

Bias 
Reviewers' 

judgment 
Reasons for judgment 

Bediang  (Submitted for 

publication in 2017) [32] 

 
 

Random sequence generation 

(selection bias) 

Low risk This is a blinded, randomised controlled multicentre study carried out in 

Cameroon. Randomisation was carried out using a computer program by the 

main investigator. 

Allocation concealment  

(selection bias) 

Low risk The health personnel in the hospitals were not involved in the allocation of 

participants into groups 

Blinding of participants and 

personnel 

(performance bias) 

High risk 

Both participants and personnel were aware of the intervention 

Blinding of outcome assessment 

(detection bias) 

High risk 
Assessors were aware of the intervention received by study participants 

Incomplete outcome data  

(attrition bias) 

Low risk 
There was a low rate of attrition 

Selective reporting  

(reporting bias) 

Low risk The authors reported results in the way they had originally proposed in the 

protocols. 

Iribarren  2013 [33]   

Random sequence generation Low risk Patients newly diagnosed with TB who were 18 or older, and had mobile phone 

access were recruited and randomized to usual care plus either medication 

calendar or text messaging intervention for the first two months of treatment. 

Allocation concealment Low risk Eligible participants were randomized in a 1:1 allocation ratio in blocks of 10. 

Physicians were not made aware of the group allocation of their patient unless 

the patient informed them. 

Performance bias High risk Both participants and personnel were aware of the intervention 

Detection bias Unclear 

risk 
Not documented in the original paper 

Attrition bias High risk 47% of calendars were not returned for analysis 

Reporting bias Unclear 

risk 
We did not have access to the protocol 

Liu 2015 [31]   

Random sequence generation Low risk 36 clusters were randomised to the four arms by rural/urban stratum and 

restricted such that each province had at least two clusters in each arm. From 

5,000 randomly generated acceptable allocations, one was chosen at random as 

the final allocation 

Allocation concealment Low risk  

Performance bias High risk Both participants and personnel were aware of the intervention 

Detection bias Unclear 

risk 
Not documented in the original paper 

Attrition bias Low risk Five patients transferred to another clinic and one patient had missing outcomes 

Reporting bias Low risk The primary endpoint was a quantitative measure of the proportion of months 

on TB treatment where at least 3 doses were missed in a month 

Mohammed 2016 [30]   

Random sequence generation Low risk Patients were randomized through an electronic randomization process at the 

time of enrolment, to prevent personal bias from contaminating the 

randomization process.  Patients were randomized into either the control arm or 

the Zindagi SMS arm of the study using programs on the clinic representatives' 

mobile phones. 

Allocation concealment Low risk Participants were informed of their randomization status but it was not shared 

with their treating clinics by the study representatives. 

Performance bias High risk Both participants and personnel were aware of the intervention 

Detection bias Unclear 

risk 
Not documented in the original paper 

Attrition bias Low risk  

Reporting bias Low risk Treatment outcomes for TB patients included cure, treatment complete, 

treatment failure, died, transfer out, or default. 

  



Figure S1:  Risk of bias graph: review authors' assessments of each risk of bias item 

presented as percentages across all included randomized trials 
 

 
 

 

Figure S2: Risk of bias summary: review authors' assessments of each risk of bias item for 

each included randomized trial 
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