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YES!   Poor medication adherence may 
have the following impacts on health 
outcomes: 
 

§  Lower treatment completion and 
higher loss to follow-up 
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DOES ADHERENCE REALLY MATTER IN TB? 

Source: Vrijens et al, BMJ. 2008;336 (7653):1114-7.1 

Poor adherence is associated with increased 
rates of discontinuation of treatment. 



YES!   Poor medication adherence may 
have the following impact on health 
outcomes: 
 

§  Lower treatment completion and 
higher loss to follow-up 

§  Increased disease relapse 
Ø  Low adherence increased TB relapse in 

recent clinical trials3 
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DOES ADHERENCE REALLY MATTER IN TB? 

Source: TB ReFLECT Consortium, unpublished data3 

TB patients taking HRZE with <90% 
adherence had 5.6 times increased risk of 

TB recurrence in a meta-analysis of the 
OFLOTUB,  REMox, and Rifaquin trials. 



YES! Poor medication adherence may have 
the following impact on health outcomes: 
 

§  Lower treatment completion and 
higher loss to follow-up 

§  Increased disease relapse 
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DOES ADHERENCE REALLY MATTER IN TB? 

Study of 534 smear + patients in India found a 
strong relationship between adherence and 

post-treatment TB recurrence. 

Severity of non-
adherence 

TB recurrence 
rate, 18 months 
after completing 
treatment 

“Regular” 
adherence 

9% 

“Irregular” 
adherence 

15% 

“Very irregular” 
adherence 

25% 

Source: Thomas et al. Int J TB Lung Dis 2005; 9(5): 556-614 



YES! Poor medication adherence may have 
the following impact on health outcomes: 
 

§  Lower treatment completion and 
higher loss to follow-up 

§  Increased disease relapse 

§  Increased acquired drug resistance 
Ø  Modeling study found adherence to be the 

strongest predictor for the emergence of MDR TB 
in retreatment patients8 
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DOES ADHERENCE REALLY MATTER IN TB? 

“[P]robably the cheapest and most effective 
way to ensure a positive treatment outcome 

while minimizing the risk for the emergence of 
MDR-TB is to maintain proper patient 

compliance with the treatment.”8 
Source: Cadosch et al. Plos Comp Bio 2016;12:e10047498 



Key Insights 
 

Adherence is a multi-factorial 
behavioral issue . . . that 

changes over time. 

--- 

Medication-taking behavior is 
extremely complex and 

individual, requiring numerous 
multifactorial strategies to 

improve adherence 

--- 

Adherence challenges are 
exacerbated in the case of co-
morbidity and associated poly-

pharmacy. 
 

TB Presents Myriad and 
Significant Adherence 

Challenges 

BARRIERS RELATED TO ADHERENCE GENERALLY 
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•  Type of disease 
•  Severity of symptoms  
•  Level of disability 
•  Rate of progression and 

severity of disease 
•  Availability of effective 

treatments 

•  Complexity and magnitude of 
medical regimen/ behavioral 
changes 

•  Drug effectiveness and 
tolerability 

•  Route of administration 
•  Duration of treatment 
•  Previous treatment failures 
•  Frequent changes in treatment 

•  Poor patient-provider relationship, 
e.g., time spent, follow-up 

•  Inadequate reimbursements (incl. 
co-payment/ out-of-pocket payment) 

•  Poor medication distribution systems 
•  Barrier to care by providers 

•  Lack of effective social support network 
•  Demographics like age, race and sex of 

patient 
•  Income status 
•  Cultures and beliefs about illness or 

treatment 

•  Forgetfulness 
•  Inadequate knowledge of disease and 

treatment 
•  Patient motivation, attitude and behavioral type  
•  Perceptions of diagnosis 
•  Misunderstanding of treatment instructions 

and follow-up routine 
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RECENT WHO ACTION ON ADHERENCE 

BACKGROUND

POLICY RECOMMENDATIONS
Link to download WHO guidelines9: http://bit.ly/2pRx8yu

• Tuberculosis (TB) is now the leading infectious disease cause of death globally.1   
• Multiple studies show that irregular adherence to TB therapy — even for patients who achieve treatment completion or cure — 

is signifi cantly associated with increased rates of disease relapse or development of drug resistance.2,3  
• Th e strategy of “directly observed therapy” (DOT) was designed to reduce non-adherence and has contributed to substantial 

improvements in TB treatment outcomes.4,5  Despite its success, DOT as implemented currently in resource-limited settings 
also has limitations:

• Facility-based DOT, still the most common model in many countries, is expensive, resource-intensive and highly 
burdensome on patients, providers and health systems.6 

• DOT is oft en inadequately implemented, with patient self-administration increasingly becoming the norm in both the 
private and public sectors.7,8

TECHNOLOGIES FOR IMPROVING 
TB MEDICATION ADHERENCE & TREATMENT OUTCOMES

WHO recommends the use of additional adherence interventions to ensure good treatment outcomes.   

Recommendation 2.1.4 c.: “Video observed treatment (VOT) can replace DOT when the video communication technology is 
available and it can be appropriately organized and operated by health care providers and patients (Conditional recommendation, 
very low certainty in the evidence).”9

As treatment 
supervision alone 
is not likely to be 

suf�icient to ensure 
good TB treatment 

outcomes, additional 
treatment adherence 
interventions need to 

be provided.”

“

WHO DS-TB 
Guidelines, 2017

The evidence also showed that when patients receiving treatment adherence interventions (e.g. different combinations 
of patient education, staff education, material support, psychological support, tracer and use of medication monitor) in 

conjunction with DOT or SAT, the treatment outcomes were signi�icantly improved compared to DOT or SAT alone.”9
“
REFERENCES
1.World Health Organization. Global Tuberculosis Report 2015. Geneva: WHO;2015. 
2.Th omas A, Gopi PG, Santha T, et al. Predictors of relapse among pulmonary tuberculosis patients treated in a DOTS programme in South India. Int J Tuberc Lung Dis. 2005;9(5):556-561.
3.Vijay S, Kumar P, Chauhan LS, Vollepore BH, Kizhakkethil UP, Rao SG. Risk factors associated with default among new smear positive TB patients treated under DOTS in India. PLoS One. 2010;5(4):e10043.
4.Obermeyer Z, Abbott-Klaft er J, Murray CJ. Has the DOTS strategy improved case fi nding or treatment success?  An empirical assessment. PLoS One. 2008;3(3):e1721.
5.Khatri GR, Frieden TR. Controlling tuberculosis in India. N Engl J Med. 2002;347(18):1420-1425.
6.Sagbakken M, Frich JC, Bjune GA, Porter JD. Ethical aspects of directly observed treatment for tuberculosis: a cross-cultural comparison. BMC Med Ethics. 2013;14:25
7.Hou, W. et al., INT J TUBERC LUNG DIS 16 (11): 1433–1440, http://Dx.Doi.Org/10.5588/Ijtld.12.0080
8.Lei et al. Infectious Diseases of Poverty (2016) 5:38 DOI 10.1186/s40249-016-0134-9.
9.World Health Organization, Guidelines For Th e Treatment Of Drug-Susceptible Tuberculosis And Patient Care, 2017 Update ISBN 978-92-4-155000-0.
10.Liu X, Lewis JJ, Zhang H, Lu W, Zhang S, Zheng G, et al. Eff ectiveness of electronic reminders to improve medication adherence in tuberculosis patients: a cluster-randomised trial PLoS Med. 2015;12(9):e1001876.
11.Mohammed S, Glennerster R, Khan AJ (2016) Impact of a Daily SMS Medication Reminder System on Tuberculosis Treatment Outcomes: A Randomized Controlled Trial. PLOS ONE 11(11): e0162944.

Footnotes / De�inition of Terms9:
25. Treatment adherence interventions include social support such as material support (e.g. food, fi nancial incentives, transport 

fees), psychological support, tracers such as home visits or digital health communications (e.g. SMS, telephone calls), 
medication monitor, and staff  education. Th e interventions should be selected based on the assessment of the individual 
patient’s needs, provider’s resources and conditions for implementation.

26. Treatment administration options include DOT, non-daily DOT, VOT, or unsupervised treatment.
27. Tracers refer to the communication with the patient, including home visits or via SMS, telephone (voice) call.
28. A digital medication monitor is a device that can measure the time between openings of the pill box. Th e medication monitor 

can have audio reminders or send SMS to remind patient to take medications along with recording when the pill box is 
opened

29. Material support can be food or fi nancial support: meals, food baskets, food supplements, food vouchers, transport subsidies, 
living allowance, housing incentives, or fi nancial bonus. Th is support addresses indirect costs incurred by patients or their 
attendants in order to access health services and, possibly, tries to mitigate consequences of income loss related to the disease

30. Psychological support can be counselling sessions or peer-group support.
31. Staff  education can be adherence education, chart or visual reminder, educational tools and desktop aids for decision-making 

and reminder.
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Affordable, scalable ICT-based adherence 
monitoring

Two	of	your	
patients	have	
missed	doses	
today:	Raj	&	Om

SMS	Message:

Two	of	your	
patients	have	
missed	doses	
today:		Raj	&	
Om

[0000]	
Please	
take	pills

SMS	Message:

[0000]	Please	
take	pills

Reminders	to	Patients Alerts	to	Providers

THE 99DOTS SOLUTION 
Chosen By India’s CTD To Facilitate The Shift To Daily-Dosed FDCs at ART Centers 
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DESIGNED TO ENSURE ACCURACY OF SELF-REPORTING 

Combination of Caller ID 
and numbers called shows 
that doses are in patient’s 

hands. 



10 

VIDEO OBSERVED THERAPY 

Pa#ent	Records	
Video	

DOT		
Worker	

Patients and 
providers receive 
SMS reminders 

Asynchronous	VDOT	
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SureADHERE: A ROBUST V-DOT SOLUTION 

SureAdhere	Mobile	Technology,	Inc.		
Mobile	pla8orm;	Evidence-based;	Data	analyAcs	

The	Pla8orm	

§  PaAent	records	drug	
ingesAon	using	a	mobile	
phone	or	tablet	

§  Provider	monitors	paAent	on	
secure	web	pla8orm,	
ensuring	compliance	

ScienAfic	Evidence	

§  SureAdhere’s	pla8orm	has	been	
evaluated	through	years	of	
rigorous	academic	and	clinical	
research	

§  The	pla8orm	was	designed	for,	
and	by,	healthcare	providers		

AnalyAcs	

§  SureAdhere	captures	
anonymous	macro	data	

§  Allows	real-Ame	visualizaAon	
of	paAents’	treatment	
progress	and	analyAcs	for	
research	and	surveillance	 Pa#ent	Dashboard	helps	providers	

visualize	how	each	dose	was	taken,	and	
immediately	iden#fy	missed	doses.	

SureAdhereTM	VOT	Provider	Dashboard	shows	
daily	adherence	by	pa#ent	and	aggregated	by	
site.	Missed	doses	are	easily	iden#fied	in	red.	
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EVRIMED℠ – AFFORDABLE, LOW PATIENT BURDEN  
VERSION THE “GOLD STANDARDS IN MONITORING 

TECHNICAL 
SPECIFICATION 

MEMS-CAP evriMED 

Data capture 
method 

Date/time captured on 
container open/close 

Date/time captured on 
container open/close 

Data accuracy 99% accuracy in event 
capture 

99% accuracy in event 
capture 

Number of events 
stored 

3000 10,000 

Clock precision +/- 90 seconds per 
month 

+/- 90 seconds per month 
 

Medication 
accommodation 

Loose fill, SOD only Blistered medications – up to 
6 separate medications 

Container Form 
Factors 

Single Multiple substrates and 
multiple form factors 

Battery charging 
required 

No No 

Data retention 
post loss of power 

Yes Yes 

evriMED℠ 

•  Matches MEMS-CAP technical 
performance 

•  Significantly more affordable (Basic 
≈$7 per patient, Real-time (≈$10 per 
patient, with 2X re-use) versus: $100+ 

•  Modular design: standard electronics 
but varied containers (DS, MDR) 

MEMS/Wisepill Evidence base: 
 

•  Used in 1000+ clinical trials (500,000 
patients) 

•  700+ published  

•  Rigorously assessed accuracy of “pill in 
hand” versus pill ingestion 

•  Recognized by WHO as “gold 
standards” in clinical trials 



KEY FEATURES OF THE EVRIMED℠ DEVICES 
o  Generates accurate detailed dosing histories. 

o  Two versions – “real time” or store data for 
periodic download. 

o  Modular design – mass-produced “modules” 
and customized, inexpensive (plastic or 
corrugated) containers. 

o  Powered by standard, disposable batteries 
(6 month battery life) or rechargeable lithium 
batteries. 

o  Fits wide range of blistered medications.  
Large “billboard” for patient instructions.  

o  Separate audible and visible reminders of 
both dosing and refill. 

o  Daily “heartbeat” – confirming operational 
status in absence of dosing event. 

o  Affordable: Basic (≈$7 per patient), Real-time 
(≈$10 per patient) with 2X re-use. 
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Pediatric  Boxes  DSTB Boxes  MDR Boxes  



ADHERENCE TECHNOLOGIES 
•  Help with dosing confusion: pictograms 

of other graphical cues 

•  Reminder: via SMS, ringing / glowing light 
on electronic pillboxes 

•  Verification: via video observation, SMS 
response, unique phone number, opening/
closing of pillbox 

•  Dosing history compilation: usually to a 
website or smartphone interface 

•  Healthcare provider interface: direct 
video communication with patients, phone 
calls to patients, etc. 

•  Triage: into high- or low-risk patients 

•  Differentiated care: unique screening and 
intervention approaches for patients with 
different levels of risk 

14 
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HOWEVER, SOME UNANSWERED QUESTIONS 
Questions 

•  What percentage of patients have regular access to their own mobile phone, a shared mobile 
phone or land line?  

•  Will patients continue calling with every dose, especially after they become asymptomatic and/or 
establish good medication taking habits? Borrowed phones and related access issues 

•  Is there sufficient standardization of medication format (blister size) and sufficient printing 
capability/capacity to support 99DOTS scaled deployment? 

•  How will this technology roll out in areas where smart phone penetration and data connectivity 
are not universal? 

•  Will patients continue filming themselves/transmitting videos as they begin to feel better and their 
treatment adherence is well established?  

•  Will patients, particularly adolescent girls and women, be willing to film their faces in areas where 
TB stigma is commonplace? 

•  In areas of high TB stigma, will patients be willing to use a medication monitor box? 
•  Particularly with MDR TB/TB-HIV, how accurate is the medication monitor in determining whether 

patients did in fact take their doses?  
•  Will patients who travel frequently be willing to use the medication monitor and, if so, will they be 

willing to carry it with them during travel? 

Pediatric  Boxes  DSTB Boxes  MDR Boxes  What Is The Health Outcomes Impact Of Deployment and Use Of 
Adherence Technologies IN HIGH BURDEN REGIONS? 
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CONCLUSION 

•  Proposals utilizing and evaluating adherence technologies 
and technology-enhanced patient management are 
invited/encouraged. 

•  Although 99DOTS, V-DOT, and evriMED are of particular 
interest, proposals involving other technologies/
approaches also are invited. 

•  It is desirable to have work done in, and have strong 
involvement from, high burden country programs. 

Desired Outcomes 
 

Country programs gain experience with, and insights about, the 
acceptability and impact of these adherence technologies. 

 
We answer many/most of the remaining implementation and 

impact questions about these technologies. 


