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Abstract

Tuberculosis (TB) is a significant public health concern. Globally, TB is among the top
10 and the leading cause of death due to a single infectious agent. Providing standard
anti-TB therapy for at least 6 months is recommended as one of the crucial strategies
to control the TB epidemic. However, the long duration of TB treatment raised the issue
of non-adherence. Non-adherence to TB therapy could negatively affect clinical and
public health outcomes. Thus, directly observed therapy (DOT) has been introduced
as a standard strategy to improve anti-TB medication adherence. Nonetheless, the
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Digital technology and health belief model for tuberculosis medication adherence

DOT approach has been criticized due to inconvenience, stigma, reduced economic
productivity, and reduced quality of life, which ultimately could complicate adherence
issues. Apart from that, its effectiveness in improving anti-TB adherence is debatable.
Therefore, digital technology could be an essential tool to enhance the implementation
of DOT. Incorporating the health belief model (HBM) into digital technology can further
increase its effectiveness in changing behavior and improving medication adherence.
This article aimed to review the latest evidence regarding TB medication non-adher-
ence, its associated factors, DOT's efficacy and its alternatives, and the use of digital
technology and HBM in improving medication adherence. This paper used the nar-
rative review methodology to analyze related articles to address the study objectives.
Conventional DOT has several disadvantages in TB management. Integrating HBM in
digital technology development is potentially effective in improving medication adher-
ence. Digital technology provides an opportunity to improve medication adherence to
overcome various issues related to DOT implementation.
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Introduction

Tuberculosis (TB) is an infectious disease caused by
Mycobacterium tuberculosis. TB is considered as a sig-
nificant public health threat worldwide, and is among
the top 10 causes of death and the leading cause of
death due to a single infectious agent'. Globally, it was
estimated that 10.6 million (range, 9.9 to 11.0 million)
people fell ill due to TB, causing the deaths of 1.6 mil-
lion in 20217, Recent systematic reviews and meta-anal-
yses found that almost one-quarter of the world’s pop-
ulation could be infected by TB®. The findings showed
a large pool of infected individuals, constituting an
enormous source of active TB transmission. TB is treat-
able using a standard medication regimen for at least
6 months®. Standard 6-month treatment with anti-TB
medication is highly effective for drug-susceptible TB,
whose main aim is to cure the disease and reduce the
risk of transmission®.

The long duration of anti-TB treatment posed signif-
icant challenges to TB patients, especially non-adher-
ence to medication. A study in South Africa estimated
that treatment loss mainly occurred at treatment com-
pletion, with only 563% of overall TB cases completing
their treatment®. Failure to complete anti-TB medica-
tions can lead to an increased risk of relapse, acquired
drug-resistant TB, treatment failure, progression of dis-
ease leading to complication and death, and ongoing
transmission of infection””.

Adherence to TB therapy is critical for the success of
TB treatment. According to the World Health Organi-
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zation (WHO), anti-TB medication adherence is multi-
faceted and complex, necessitating specific attention
through the delivery of person-centered care. One
of the key objectives of the sustainable development
goals is to end the TB epidemic, which calls for a com-
prehensive strategy that includes biological, public
health, social, and economic intervention®. Effective
intervention through overcoming the issues of non-ad-
herence to anti-TB medications is critical to ending the
TB epidemic. Therefore, tackling non-adherence to TB
medications requires a concerted effort from many so-
cial determinants of TB disease. The End TB Strategy
encompassed a comprehensive intervention package
consisting of three pillars. The first pillar placed a focus
on integrated, patient-centered care and prevention,
which necessitates enhancing and extending the key
activities of TB programs, including the use of modern
technology to improve patient care'’.

Implementation of directly observed therapy (DOT)
posed significant challenges to treatment adherence
and outcomes. Although WHO introduced this strategy
to ensure treatment adherence, the approach has been
associated with substantial inconvenience to patients
and healthcare workers'"'?. Furthermore, a review of
various literatures has found no rigorous, supportive
evidence of the effectiveness of DOT in improving ad-
herence and treatment outcomes'®. Hence, applying
a patient-centered approach might be a wise realloca-
tion of resources to improve adherence and treatment
outcomes. Improved global access to the internet and
communication technology provide an excellent oppor-
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tunity to overcome various challenges in TB manage-
ment. This article aimed to update evidence available
on the definition of non-adherence to anti-TB medica-
tions, factors contributing to medication non-adher-
ence, effectiveness of DOT and its alternatives, and the
application of the health belief model (HBM) to improve
medication adherence.

Methods of Literature Review

The present literature review was conducted using nar-
rative review approach. Our search was done accord-
ing to preferred reporting items for systematic reviews
and meta-analyses guidelines. Two web-based search
engines were used in the literature search: PubMed
and Google Scholar. Any unpublished manuscripts,
letters to the editor, articles with no measurement of
the outcome of interest, animal studies, non-English
language articles, and conference abstracts were ex-
cluded.

The search string used to find articles related to the
definition of non-adherence is as follows: “tubercu-
losis” AND “medication” AND (“non-adherence” OR
“default” OR “loss to follow-up”). To identify the articles
related to the factors associated with non-adherence
to medication, the search string was used as follows:
(“default” OR “loss to follow-up” OR “non-adherence”)
AND “tuberculosis” AND (“factors” OR “predictors”).
The search string as follows was used to capture the
articles for DOT's effectiveness and its alternatives:
(“DOT" OR “directly observed therapy” OR “VOT"” OR
“video observed therapy”) AND (“effectiveness” OR
“feasibility” OR “acceptability”). For articles describing
the behavioral theory to predict medication adherence,
the search strategy used is as follows: (“health belief
model” OR “behavioral theory”) AND (“adherence” OR
“medication adherence”). Subsequently, all articles
identified will be screened by reading the title and ab-
stract only to determine the relevance of the pieces to
our review.

Definition of Anti-TB Medication Adherence

The importance of getting specific values in measuring
medication adherence influences the conclusion made
in evaluating the performance of interventions in clin-
ical trials. Different values in determining medication
adherence could lead to misleading decision about
intervention performance.

There is no standard definition of TB medication
adherence'®'®. The definition varied and tailored to
assess different types of interventions, which can lead
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to difficulties in generalizing and comparing. Generally,
adherence can be defined as completeness to medi-
cation in which the patients follow the instructions of
medical professionals'®. According to WHO, adherence
is “the extent to which the patient follows medical in-
structions”'”. Globally, it was estimated that the aver-
age non-adherence to medication for chronic illness in
developed countries was 50%. In contrast, the average
rate of non-adherence among developing countries
is even higher'. Therefore, WHO has identified that
non-adherence to medication is a significant barrier to
controlling chronic diseases, including TB.

Another term that has been commonly used in stud-
ies related to treatment adherence is concordance.
Concordance refers to harmonious cooperation or
agreement between patients, doctors, and healthcare
workers regarding treatment plans and action, mainly
focused on consultation and negotiation'’. It is an ap-
proach taken by parties related to patient management
to ensure the patients are well informed about the di-
agnosis and treatment, understand their benefits and
risks, and assist in their decision to optimize the poten-
tial use of medical care. However, it differs from com-
pliance or adherence to medication because it is often
referred to as one-way communication. The patient
follows instructions from healthcare professionals, as
opposed to concordance, which involves two-way com-
munication and agreement between two parties'®. Var-
ious definitions of TB medication adherence according
to the different types of studies are summarized in Ta-
ble 1'%,

Factors Contributing to Anti-TB Medication
Adherence

Adherence to TB medication is essential to TB treat-
ment’s success. Suboptimal medication adherence is
widespread in diseases that require long-term thera-
py, such as diabetes, hypertension, bronchial asthma,
and TB'®. Medication adherence is a complex human
behavior that could be influenced by various factors,
including patient-related, health system, condition-re-
lated, therapy-related, and socioeconomic factors.

1. Patient-related factors

Medication adherence is closely related to intra-indi-
vidual variability, affecting motivation and willingness
to adopt recommended health-related behaviors.
The non-modifiable factor has been closely related
to non-adherence to medication, including male gen-
der®®, younger age®****°, and marriage status (being di-
vorced and widowed)*®. On the other hand, modifiable
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Table 1. Definition of adherence according to different studies

Method Type of study Definition
Default Follow-up or Prospective cohort Interruption of treatment for more than 2 consecutive
medication refill visit months'®
Retrospective cohort  Treatment was interrupted for 2 consecutive months
or more®
Loss to DOT Retrospective cohort  Not start treatment or whose treatment was
follow-up study interrupted for 2 consecutive months or more®'

Non-adherent
to medication

Follow-up or
medication refill visit

Follow-up or
medication refill visit

Prospective cohort

Mixed method
cross-sectional

Missing at least one dose of drugs or one follow-up
appointment during the treatment course'®

Missed =10% of the total planned dose in patients

Self-reporting number

of pills taken
Adherence DOT/VOT Randomized trial
DOT Retrospective cohort
VOT Prospective cohort
DOT Cross-sectional

Cross-sectional

belonged to either the intensive or maintenance
phase®

Missed =10% of the total planned dose****

Completed 80% or more treatment observations
scheduled in 2 months following randomization*

>90% of expected TB medication doses were
taken®®

Completed all doses of medication®”
Not miss any dose of medication®*

DOT: directly observed therapy; VOT: video observed therapy; TB: tuberculosis.

factors include psychological and cognitive factors
(forgetfulness, lack of knowledge, perceived barrier,
psychological distress, and stigma)'”*****"*? and be-
havioral factors (alcohol and cigarette smoking use)*®
are associated with non-adherent to TB medications.
In addition, social acceptance of traditional medicine
and a lack of family support have been recognized as
key factors in non-adherence to anti-TB treatment reg-
imens®. This condition might be attributed to a lack of
awareness and misperception regarding TB, leading to
adverse health behavior®,

2. Health system factor

Positive patient experience in healthcare significantly
influences patient satisfaction, affecting adherence
to anti-TB medications'®. A previous study found that
a poor patient-provider relationship is significantly as-
sociated with non-adherence to anti-TB medicines™.
This finding is supported by another study, where the
concordance behavior of healthcare workers was
associated with the attitudes of the patients and med-
ication-taking behavior'’. A strained patient-provider
relationship can lead to a breakdown in communica-
tion, leaving the patient unaware of their risky behavior
and with the mistaken belief that their actions have
no consequences>’. However, empathic relationships

Tuberc Respir Dis 2023;86:82-93

are challenging when healthcare workers are not well
trained, have an overburdened health system, and lack
supervision, especially in low-resourced and high TB
burden settings'***.

3. Condition-related factors

The condition of a patient might affect the adherence
of an individual to anti-TB medications. On top of nu-
merous medical issues and clinic visits, the require-
ment to take multiple medications can subsequently
affect their motivation to follow their doctor’s instruc-
tions®*. Several studies found that the prevalence of
depression among diabetics ranged from 21.6% to
37.6%**". The possibility of mental disorders can raise
the likelihood of being hospitalized, along with underly-
ing comorbidities and TB. History of hospitalization has
been identified as one of the factors that could lead
to poor adherence to anti-TB medications®. Thus, the
combination of the risk factors should be considered to
plan strategies to address the issues.

Co-infected with human immunodeficiency virus
(HIV) are less likely to be non-adherent to anti-TB
medications®®. This finding is significant in light of the
worldwide strategy to eradicate TB, which calls for HIV
patients to undergo TB screenings and receive proper
anti-TB and anti-retroviral treatment (ART)’. Another
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condition that is associated with non-adherence to
treatment is TB relapse®®*.

4. Therapy-related factors

The complexity and potential side effects of TB treat-
ment can also affect medication adherence. Consump-
tion of anti-TB medication can lead to multiple side ef-
fects such as gastrointestinal upset (18.4%), psychiatric
iliness (5.5%), arthralgia (4.7%), acute liver injury (3.9%),
peripheral neuropathy (3.1%), thyroid disorder (2.3%),
epilepsy (2.0%), skin disorder (2.0%), hearing problem
(1.6%), and kidney injury (1.2%)**. Anti-TB drug toxicity
and its other side effects were found to serve as a bar-
rier for TB patients to continue their medications®”*,
In addition, TB patients are often affected by regimen
complexity. They are more likely to be co-infected with
HIV, which further adds to the high tablet burden (to
take both anti-TB and ART medication)®'. Non-adher-
ence to anti-TB medications is strongly associated with
being in the maintenance phase of TB treatment®".
Clinical and well-being improvements during the main-
tenance phase may have caused non-adherence since
patients felt better and were less attentive with their
daily medications®.

5. Socioeconomic factors

TB commonly affects low socioeconomic groups, es-
pecially the homeless, unemployed, and poor®’. Low
socioeconomic status can increase the likelihood of
the individual and their household being exposed to the
TB risk factors, such as malnutrition, crowded home,
and hazardous working environment. In addition, those
who live in low socioeconomic status are more prone to
adopt risky behavior such as alcohol consumption and
cigarette smoking. Poor socioeconomic background
can also lead to a lack of enabling environment (lack of
health care access, poor transportation, and financial
support), making people non-adherence to medication™.

Effectiveness and Alternatives of DOT

DOT has been a standard of care in TB control pro-
grams since its recommendation by WHO around the
1990s. Although DOT can be provided in an institution-
al setting (e.g., health clinic, workplace, amongst oth-
ers) or community (by family members or community
volunteers), it can still cause substantial disadvantages
to patients and healthcare workers. DOT approach can
cause inconvenience in terms of healthcare access,
inflexible timing of healthcare facilities for patients
coming for DOT, poor attitude by a healthcare worker,
stigma, fear, and financial hardship'’. According to a
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previous study, TB infection and DOT negatively affect
social functioning and mental and emotional quality of
life of patients’.

According to a recent systematic review, it was
shown that the effectiveness of DOT is varied com-
pared to self-administered therapy. DOT by family
members was not superior in improving treatment out-
comes compared to self-administered therapy. Mean-
while, institutional DOT provided for latent TB infection
effectively improved treatment success”'. The finding is
consistent with another systematic review (n=11 clini-
cal trials with a total of 5,662 participants), which found
that treatment success (sum of TB cure and TB treat-
ment completion) was low and intervention using DOT
was not substantially improving treatment success'".

Innovative strategies have been developed and
tested in various clinical trials to find a better method
for improving adherence to anti-TB medications. For
example, digital technology by video-based directly ob-
served therapy (VDOT/video observed therapy [VOT])
has been clinically tested for its effectiveness and
feasibility. Several studies showed that using VOT sig-
nificantly improved medication adherence compared
to the usual DOT. An randomized controlled trial (RCT)
study reported that those who belonged to the inter-
vention arm had substantially better compliance than
family-based DOT (100% vs. 87.3%, p<0.01)**. Another
RCT study (n=226) conducted in the United Kingdom
found that, after restricted analysis, 77% of patients on
VOT achieved 80% adherence to anti-TB medication
compared to only 63% on usual DOT?*. The superiority
of VOT compared to conventional DOT in improving
anti-TB medication adherence also has been consis-
tently observed by other RCTs in the United States of
America (n=174 in VOT and n=159 in-person DOT)*.
Another innovation, such as a mobile application with a
bi-directional communication platform, was also found
to have a lower non-adherence rate than the control
groups™. However, another RCT study (n=405) con-
ducted among TB patients admitted to Shandong Pro-
vincial Chest Hospital, China, among bacteriologically
confirmed pulmonary tuberculosis, found no significant
differences in treatment completion between the VOT
and DOT arm™. Even though the findings differed, sev-
eral studies consistently showed that VOT has a bet-
ter user experience than DOT, especially in reducing
observation time, reducing the cost incurred because
of observation®, and improving user preference®. Fur-
thermore, the use of VOT has been found to have a bet-
ter psychosocial impact, including knowledge, depres-
sion, stigma, quality of life, and social support among
its users compared to DOT*.
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Potential of Digital Technology in
Medication Adherence

The global expansion of mobile phones and internet ac-
cess provides an excellent opportunity to incorporate
digital technology into public health practice. Accord-
ing to the Global System for Mobile Communication
Association (GSMA) report, half of the world’s popula-
tion is connected to the internet. Other than that, it was
reported that more than half of people in the low-mid-
dle-income country have been using mobile phones as
the primary means of internet access®’. Even though
there is an assumption of a low level of digital literacy
and a perceived lack of relevance, the gap in the usage
of mobile phones has decreased from 24% to only 10%
worldwide, which is mainly due to increased affordabil-
ity and internet access®’. The widespread usage of mo-
bile devices and internet access may offer an alterna-
tive method to enhancing the prevention and treatment
of TB patients.

The use of digital technology to enhance adherence
to TB therapy is crucial and relevant to rethinking TB
care delivery. From a public health perspective, improv-
ing adherence to anti-TB treatment can help prevent
relapse, drug resistance, and TB transmission in the
community*®. Inadequate adherence to anti-TB therapy
is one of the key predictors of TB recurrence, according
to a significant, nested case-control study conducted
in Vietham™. The current strategy of DOT to ensure pa-
tient compliance with TB treatment might cause prob-
lems, as the patients are required to come to health
facilities daily to take the medication. Additionally, fre-
quent visits to health clinics could cause disruption to
their work, reduce production time, and increase the
risk of job insecurity™.

Furthermore, the disease mainly affects the age
group with high economic productivity®'. Daily visits to
healthcare facilities could also cause inconvenience
to patients due to increased travel time, waiting hours,
and reduced participation in social activities®. In addi-
tion, the disease and treatment can significantly impact
a patient’s life, such as quality of life as well as their
physical, psychological, and emotional well-being®*****,

Therefore, WHO has recommended implementing a
patient-centered approach in TB care. The patient-cen-
tered care is an approach that emphasizes respectfully
providing care and responsiveness to the individual pa-
tient’s preferences, values, and needs’. The approach is
documented as the first pillar in the End TB Strategy by
WHO, which puts the patient at the heart of TB service
delivery. According to a previous study, delivering TB
care in a patient-centered approach has improved the
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efficiency and timeliness of TB management®. WHO
has recommended using innovative information and
communication technology to enhance a patient-cen-
tered approach to TB care’. Using a patient-centric ap-
proach, especially digital adherence technology, could
help reduce TB treatment’s financial and social impact.

The use of digital technology in TB care can provide
an essential tool to improve TB management. When
DOT was introduced and implemented as one of the
critical strategies to improve adherence to TB therapy
in the early 1990s, little consideration was given to the
needs of patients, especially who are economically pro-
ductive. According to a recent systematic review, it was
shown that DOT's effectiveness is varied compared to
self-administered therapy. For example, DOT by fam-
ily members was not superior in improving treatment
adherence compared to self-administered therapy.
However, institutional DOT provided for latent TB infec-
tion effectively improved treatment completion®'. The
finding is consistent with another systematic review,
which found that treatment adherence was low and
intervention using DOT was not substantially improving
treatment adherence'".

Using digital technology to increase TB therapy ad-
herence could help reduce patient inconvenience due
to travel to health facilities, the risk of hospital-acquired
infection among visitors, and the burden of supervi-
sion on healthcare workers. Technology solutions have
been identified as one of the strategies to increase the
relevance of DOT, particularly in this age of the 4.0 In-
dustrial Revolution. With the increased use of mobile
technology and widespread internet coverage, tech-
nology is becoming a viable solution for increasing the
importance of DOT.

Digital adherence technology has several advantages
over conventional DOT strategy in TB care. Previous
studies found that VOT is superior in feasibility, prefer-
ability, confidentiality, and time to travel*”***°. A superi-
or, analyst-blinded randomized clinical trial also found
that using VOT has significantly higher TB medication
adherence than conventional DOT?. In addition, VOT is
also a better option as it was proven to reduce obser-
vation time*®, reduce the cost incurred because of ob-
servation®, user preference®®, and better psychosocial
impact*”. However, most of the study has limited robust
methodology, such as no control group to make a com-
parison®®, non-probability sampling®’, and small sample
size®®. A previous systematic review also concluded
that currently, there is a limited number of evidence on
the use of digital technology to improve treatment out-
comes’’. Given the promising potential of technology
to improve medication adherence, VOT should be con-
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sidered, especially in a setting with high TB patients
among the productive age group, increased mobility,
high smartphone usage, and comprehensive internet
coverage'’.

Health Belief Model to Improve Adherence

Medication adherence can pose a significant chal-
lenge when providing treatment that requires long-
term therapy, especially for TB. Human behavior is re-
lated to compliance, which reflects a person’s capacity
to adhere to prescription medicine guidelines from
medical professionals'®. Thus, it is critical to consider
the patient’s psychology as an essential determinant of
medication adherence®. One of the most used behav-
ioral theories to improve medication adherence was
HBM®.

HBM highlights the importance of human behavior
and explains the failure of individuals to adopt the rec-
ommended preventive measures or screening tests for
early disease diagnosis. The HBM states that an indi-
vidual’s perception of susceptibility to a particular ill-
ness and their perception regarding the seriousness of
the disease, and the person'’s belief in the effectiveness
of recommended health-related behavior can predict
the likelihood of the individual adopting the behavior.
The HBM consists of six constructs, as shown in Figure
1.

HBM has been applied in various studies to improve
adherence to long-term therapy for various chronic

diseases, such as HIV®’, hypertension®", post-kidney

transplantation®, cystic fibrosis®*, and type 2 diabetes
mellitus®®. Even though there is evidence that HBM is
an essential predictor of medication adherence, there
is a lack of available randomized clinical trials that
evaluate the effectiveness of HBM in predicting anti-TB
medication adherence*.

Long-term ART for HIV patients has been recom-
mended to all HIV patients regardless of their immune
status. Adherence to ART is central to achieving viral
suppression and prolonging life expectancy. HBM has
been used as one of the models to develop strategies
to improve compliance with ART. Patients’ beliefs on
their susceptibility and severity to consequences of
non-adherent to ART and their perception of certain
obstacles are correlated with the likelihood of HIV pa-
tients adhering to the medication®.

In hypertensive patients, their belief in perceived sus-
ceptibility, cues for action, and low perceived barriers
were significantly associated with good anti-hyperten-
sive medication adherence®®. A previous RCT found
that a comprehensive reminder system intervention
incorporating HBM is effective in improving medication
adherence and blood pressure control and prevents
disability among stroke patients®'.

Cystic fibrosis and post-renal transplantation also
require long-term medication therapy. Medication ad-
herence is critical for cystic fibrosis patients because
it is linked to poor health outcomes such as pulmo-
nary disease exacerbation, decreased baseline lung

Figure 1. Health belief model (HBM) for medication adherence. Boxes within dotted lines show constructs of HBM. TB:

tuberculosis.
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function, and prolonged hospitalization®®. Meanwhile,
post-renal transplantation requires strict adherence to
immunosuppressive therapy to prevent acute rejection
and loss of graft®’. A previous study found that HBM
constructs (perceived barriers and cues for action) are
essential to predicting children’s adherence to medica-
tion®”. In assessing adherence to immunosuppressive
medications among post-renal transplant patients,
their beliefs about susceptibility to acute graft rejection
and perceived benefits of adhering to medication were
essential predictors of medication adherence®.

Type 2 diabetes mellitus has become an emerging
problem globally because of the transition in behav-
ior and lifestyle. As a result, the annual prevalence of
type 2 diabetes mellitus has increased®®. Adherence to
medication and lifestyle modifications are the central
importance in managing patients with diabetes. A pre-
vious study has shown the importance of HBM in de-
veloping strategies to improve medication adherence.
A cross-sectional study found that perceived suscep-
tibility to diabetes complications, perceived benefits
of adhering to diabetes medications, and self-efficacy
significantly predict medication adherence®.

Several studies have been conducted to identify the
usefulness of HBM constructs in improving adher-
ence to anti-TB medications. Appropriate perception of
self-vulnerability, perceived seriousness of non-adher-
ent to medication, perceived barriers, self-confidence
to adhere to the medication, and self-belief in the ben-
efit of medication adherence were crucial in influenc-
ing medication adherence anti-TB**’°. Programmatic
intervention, such as hypnotherapy, was found to be
effective in adopting HBM and improving medication
adherence®.

Even though HBM helped develop strategies for
changing behavior, especially in improving medica-
tion adherence, the model has several limitations. For
example, HBM does not consider a person’s habitual
behavior, which could inform the decision-making
process to adopt the recommended behavior. Further-
more, HBM does not consider social acceptability that
could complicate the behavioral changes, especially
when particular ‘bad’ behavior is collectively accepted
as a norm in society. HBM also assumes that everyone
has equal access to information regarding illness and
disease and could make those who are socially disad-
vantaged (e.g., poor, socially marginalized population,
amongst others) unequally benefit from HBM interven-
tion.

Tuberc Respir Dis 2023;86:82-93

Limitations of Video Observed Therapy

Advancement of digital intervention may not only cre-
ate the pace of changes and new opportunities but
could potentially raise several issues, primarily techni-
cal and ethical dilemmas.

The use of VOT might not be equally accessible for
those who are in a low socioeconomic background.
The limitation might range from low smartphone ac-
cess, low mobile internet subscription, limited internet
connection, and low smartphone proficiency. There-
fore, socioeconomically disadvantaged people are
not equitably accessible to the needed intervention.
However, according to the Department of Statistics
Malaysia findings, 98% of Malaysian are using mobile
phones. Among those using mobile phones, smart-
phone users have substantially increased from 89%
in 2018 to 91% in 2019. This shows that affordability
and accessibility to mobile phones are increasing and
presumably will be followed by increasing smartphone
literacy”".

In terms of technicality, it is assumed that using VOT
can subsequently reduce face-to-face contact. Thus,
it raised the patient safety issue, whereby the patient
might be missed if the patient developed anti-TB drug
toxicity. Therefore, developing a strategy to maintain
patient safety while adapting the new technology is es-
sential.

Operability and usability are essential considerations
in adopting new digital interventions. Operability is a
measure of how well a new system works when op-
erating. Meanwhile, acceptability refers to the user’s
experience when interacting with a product or system,
including websites, software, devices, or applications.
Therefore, prior training to the related staff and a pilot
study should be conducted before the digital interven-
tion is implemented on a large scale.

Conclusion

Changing behavior is one of the critical factors that
should be considered to improve medication adher-
ence. Currently implemented DOT has several disad-
vantages that make medication adherence difficult.
Digital technology provides an opportunity to improve
medication adherence to overcome various issues
related to DOT implementation. Nevertheless, most
digital technology tools in TB do not apply the principle
in behavioral change theory, thus making its effective-
ness debatable. Thus, integrating the HBM and digital
technology can likely achieve behavioral change and
increase medication adherence. Applying HBM could
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provide a greater understanding of human behavior,
while digital technology can enhance the implemen-
tation of DOT through the information obtained from
HBM. Hence, it would be worthwhile to conduct a ran-
domized clinical trial to formally investigate the effec-
tiveness of applying HBM in modern digital technology
tools to improve medication adherence.
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