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Abstract
Background: An estimated two billion people, over one third of the world’s population, have latent infection with
Mycobacterium tuberculosis (LTBI). Patient adherence to LTBI treatment is currently poor given that individuals show
no symptoms of illness and may not feel that they are at risk of developing active tuberculosis (TB). Short text messages
can serve as a simple reminder to take medications and address barriers to adherence such as forgetfulness and lack of
social support.
Methods/design: We aim to determine the feasibility and acceptability of text reminders for improving adherence in
latent TB patients using a randomized controlled single-blinded trial, measuring adherence through an increase in
treatment completion rates. Forty adult LTBI participants will be randomized to either text messages plus phone call
reminders or phone call reminders only (usual care). Recruitment, retention, and study acceptability will be assessed as
primary outcomes.
Discussion: This pilot study will examine the feasibility of using text messaging for increasing adherence to treatment
for latent tuberculosis infection. The study will allow for evaluation of process measures and challenges and development
of a model for scaling up an effectiveness trial for increasing treatment adherence.
Trial registration: NCT02690818 (Clinical Trials.gov)
Keywords: Latent tuberculosis infection, Text messages, Treatment adherence

Background
Tuberculosis (TB) is a leading cause of death from an
infectious disease worldwide. An estimated two billion
people, one third of the world’s population, are infected
with Mycobacterium tuberculosis, resulting in approximately 1.4 million deaths annually [1]. People with untreated or undiagnosed TB who do not complete their
prescribed treatment regimen pose major health risks to
themselves and to the general population. Those patients
who do not adhere to treatment for active TB remain
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infectious longer and are more likely to relapse and die.
They are also vulnerable to developing drug-resistant
tuberculosis [2].
Adherence to latent tuberculosis infection therapy

Approximately one third of individuals exposed to someone with active TB disease develop latent TB infection
(LTBI) [3]. Patients who develop LTBI are asymptomatic
and non-contagious but the overall lifetime risk of LTBI
progression to active TB is estimated at approximately
5–10% [4]. This risk is greatly increased among immunosuppressed individuals, including those with HIV,
diabetes, and heavy steroid use [5, 6]. The populations
with the highest burden of LTBI in the USA are primarily
from immigrant, refugee, and non-English speaking communities. Ten million individuals in the USA, including
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19% of foreign-born residents, are estimated to have LTBI
[7, 8]. One approach to reduce the burden of TB is to detect and treat persons while they still have LTBI to prevent
disease development. This approach is recommended for
individuals at increased risk for progression to disease [9].
These include persons who were born in countries with
increased tuberculosis prevalence and persons who live in
high-risk congregate settings. Patient adherence to LTBI
therapy is low as LTBI is asymptomatic, patients may not
understand risk of developing active TB, LTBI therapy has
potential side effects, and LTBI therapy is of long duration
(usually 9 months) [10–12]. In a large prospective North
American study, lower treatment completion rates were
noted among females, US-born, Hispanic, and uninsured
populations [13]. As a result, the proportion of persons
who complete LTBI treatment in the USA ranges between
39 and 65%. These low adherence rates undermine the potential benefits of preventing TB progression in individuals
with LTBI and maximizing TB control from a public
health standpoint [14, 15]. Low adherence also increases
the burden of active TB disease within the community
and can increase the rate of drug-resistant TB strains.
One of the major shortcomings in TB control thus remains the difficulty in reaching marginalized populations
for the purpose of TB prevention [16]. The ability to follow treatment plans in an optimal manner is frequently
compromised by multiple barriers. Others have noted
some of these barriers, including younger age, lower perceived risk for TB disease, and self-administered regimens [17]. Measures to improve adherence aim to (1)
help patients address social issues which may hinder
their ability to follow treatment, (2) enhance contact
with health professionals, and (3) strengthen communication between health professionals and patients during
treatment [18]. The best way to improve adherence to
long-term treatment regimens may be through extended
supervision of patients [19]. However, direct supervision
of treatment is expensive and has mixed results in increasing LTBI treatment completion [20, 21]. Reminder
trials for TB have demonstrated benefits on adherence
to appointments [22]. Yet, treatment adherence and
completion rates remain suboptimal across high-risk
groups, and no intervention has shown consistent effectiveness [15]. For example, the role of education as a predictor of adherence has not been well-defined [15].
Similarly, the effect of immediate compared to deferred
monetary incentives on adherence has not been shown
to significantly differ [23].
Potential benefits of text messaging

Over two trillion text messages were sent in the USA in
2011, with more than 80% of the US population owning
a mobile phone and almost 70% of these phone owners
regularly sending or receiving text messages [24]. Unlike
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the digital divide with online technologies, people of color
and low-income individuals are more likely to text [25].
With this widespread adoption, texting offers promise for
public health departments to make health information
more readily accessible. Texting allows quick, direct communication that works on all types of mobile phones.
Texting can be used in conjunction with other initiatives
to establish and maintain contact between the patient and
provider over the course of treatment. The informationmotivation-behavioral skills model demonstrates that information is a prerequisite for good adherence, yet it is
not sufficient in itself in explaining behavior [26]. Mobile phones can benefit both patients and providers by
overcoming resource limitations, structural barriers,
and behavioral limitations in providing motivation and
the development of desired behavioral responses [27].
Conceptually, text messaging relies on constructs from
the Social Cognitive Theory where positive outcome expectations, e.g., beliefs about the likelihood and value of
the consequences of taking medication, as well as selfefficacy (beliefs about personal ability), substantially
contribute to forming an intention to perform a desired
action [28]. For example, participants in a multisite randomized clinical trial of HIV-infected adults initiating
antiretroviral therapy asked to respond to a text message indicating that they had taken their medications
were more likely to take their medications [29, 30].
Text messages have the advantage of being efficient
and are considerably less invasive to daily lives compared to phone calls [31]. Mobility, instantaneous access, and direct communication are likely to enhance
efficiency of service delivery [32, 33]. With increased efficiency, cost savings are substantial and include direct
costs defrayed to the health system as well as opportunity costs of missed appointments and lengthy treatment
duration [34, 35].
A stronger evidence base needs to be developed
around the mobile health field for TB, before effective
approaches can be implemented and high-quality data
are lacking [36, 37]. Only recently have studies investigated the effectiveness of texting reminders for active
tuberculosis treatment [34, 38, 39]. To our knowledge,
no studies have been completed and only one study is
currently being carried out in the context of latent TB
infection [40]. As such, tailoring a reminder system for
LTBI patients who self-administer medications could improve adherence to LTBI treatment and provide evidence for adopting or expanding reminder systems. A
commonly used practice for LTBI is a phone call to remind patients to visit the clinic for a check-in and
monthly refill. Since we would like to assess the independent effect of text messages on treatment adherence,
we propose to evaluate the use of daily text messaging,
in addition to the reminder phone call. We propose a
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study examining the feasibility of a randomized controlled
trial using text messages to improve LTBI treatment adherence. This study will provide us the necessary data to
design a large randomized controlled trial which will
examine the effectiveness of text messaging.
Study objectives

We aim to determine the feasibility and acceptability of
text reminders for improving adherence in latent TB patients. Specific objectives of the current study are to (1)
assess the feasibility of the intervention as indicated by
participant recruitment and retention and (2) evaluate
the acceptability of the intervention, as indicated by
intervention adherence, outcome measurement rates,
and feedback from participants.
Data will be used to design a definitive trial which will
test the hypothesis that the intervention will improve
medication adherence, as measured through an increase
in treatment completion rates, and result in higher selfreported medication adherence, fewer missed appointments and doses, and a shorter course of treatment.

Methods/design
Overview

This is a single-blinded randomized controlled parallel
trial to test the feasibility of using text messages to improve LTBI treatment adherence. Randomization will be
performed with a 1:1 allocation. The project is funded
through the American Lung Association and is being led
by researchers at the University of Arizona with recruitment and collaboration taking place at the Pima County
Health Department (PCHD) TB Control Program in
Tucson, AZ, USA. This manuscript adheres to the
SPIRIT checklist reporting guidelines (Additional file 1).
Participants

Forty participants from PCHD are being recruited, with
adequate representation expected from samples previously noted to fail treatment [13]. Pima County Health
Department prioritizes LTBI screening based on recent
contact to an infectious TB patient, migration from a
high-burden TB country, as well as the USPSTF guidelines [9]. Persons who are at least 18 years of age and
able to provide informed consent, agree to initiate LTBI
treatment, are prescribed self-administered 4-month rifampin or 9-month isoniazid therapy, and have a phone
that can receive text messages, will be eligible for the
study. Participants will also need to be able to communicate via text messaging or have a family member or
friend able to provide assistance with messages for the
duration of the study. Patients are ineligible if they currently have active tuberculosis disease. Participants
from the pilot will not be included in a proposed larger
follow-up study.
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Participant recruitment and consent

All participants will be recruited directly from the
PCHD Tuberculosis Control Program. A clinic nurse
will refer interested participants to study personnel, at
which point these personnel will assess eligibility and
obtain informed consent. The referral will occur when a
patient agrees to begin treatment for LTBI. Participants
will be informed through the consent process that they
may withdraw from the study at any time for any reason
without it affecting their medical care. Participants will
also be provided the purpose of the study, study objectives, as well as how study success will be measured
[41]. The informed consent document will use simple
language to minimize barriers posed by low literacy. A
language line will also be used to verbally explain study
materials, assist with language difficulties, and overcome
reading difficulties. Family members or friends who are
present at the time of recruitment will also be utilized
for support and translation, but will not take the place
of the language line.
Eligible individuals will be recruited over a 12-month
period. Following consent, all participants will complete
baseline assessments and will be randomly allocated
to group.
Randomization and allocation

Eligible patients who have given informed consent and
completed baseline assessments will be randomly
assigned to receive either text messaging and usual care
or usual care only. A list allocating participants to the
intervention or control arm will be generated by the biostatistician (MB), who has no patient contact, using the
statistical software R. Randomized blocks of variable size
will be used to ensure balance between the arms. Block
size will be random to reduce predictability of the sequence. Each individual will be assigned a unique study
code, which will be used throughout the research study
in place of any identifying information. Participant identification and allocation will be placed in sealed opaque
envelopes. Allocation codes will be concealed until study
group is assigned. Participants will be identified to the
research team only by phone number and study code.
Blinding

Investigators will be masked to group allocation, but
participants and research staff will not, given their active
study roles.
Usual care

Standard of care for LTBI patients at this clinic includes
an initial discussion of medication risks, benefits, and
side effects. Treatment usually involves daily selfadministration of medication for a prolonged period of
therapy. Treatment typically involves taking rifampin
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600 mg daily for 4 months or isoniazid 300 mg daily for
9 months. If a patient agrees to treatment, they are given
a 30-day supply of medication. Subsequent follow-up
involves monthly clinic visits, at which time there is an
assessment of symptoms, side effects, and adherence;
blood-work is performed; and another month’s supply of
medication is provided. The usual practice of care with
regard to adherence is a phone reminder prior to the
next appointment.
Intervention

Text group participants will receive a daily text reminder
sent by an automatic messaging system in addition to
the standard of care. This automation will anonymize
messaging to all but the study coordinator, who sends
out the message. Participants will be asked optimal times
to receive daily texts and will receive texts in their language of choice. Participants’ phone numbers will be entered into a secured web platform to automatically send
text message reminders at pre-specified intervals. A delivery report function will be used to verify that messages were received and opened. The system meets the
key requirements of a highly functional texting system,
including customization, personalization, message notification, and remote access [42]. The script sent to individuals will state “This is a reminder to take your
medication. Please respond.” The Platform for Research
Integrated Messaging (PRiM), a web-based software
suite developed at the University of Arizona, allows text
messaging integration and management of text messages.
It is hosted on secure servers, includes only de-identified
data and delivered as SaaS (Software as a Service). To the
user, text messages appear to come from a specific and
established phone number. Participants will use existing
mobile phone services; while phones and network airtime
will not be paid for, participants will be provided a $40
incentive, paid at the 2-month visit and at final survey
completion. Participants can request to opt out of the
intervention at any time by calling or texting “stop.”
Outcome measures

All outcomes will be assessed through in-person participant visits or collection from clinic records. Questionnaires
will be completed by trained interviewers who are blinded
to participant allocation.
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The primary feasibility outcomes are summarized in
Table 1.
While this pilot study will not have the power to detect differences in efficacy, efficacy outcomes will be
measured to test procedures for early indication of a
promising intervention. The primary efficacy outcome is
the difference in proportion of participants completing
treatment in each of the study groups. Successful treatment completion is defined as taking at least 80% of the
doses of rifampin prescribed within 20 weeks [43]. Estimates of treatment completion will be used to indicate
whether the treatment appears promising and to estimate sample size for a future definitive trial. Additional
secondary outcomes include proportion of missed visits
out of total scheduled visits; the number and length of
delays in medication refill; number of missed doses;
overall length of treatment (time to dropout); and selfreported adherence. While potentially overestimating
true adherence, self-reported adherence is a robust
measure of adherence [44, 45]. A brief pre-survey and
more detailed semi-structured interviews will be conducted with all individuals to qualitatively assess preferences, attitudes, and satisfaction with the study, as well
as barriers to adherence.
The following assessments will be completed by participants (Fig. 1), as per the SPIRIT Statement [46].
Sample size

The sample size of 40 will yield a 5% margin of error
(95% confidence interval half-width) of no greater than
7.7%, for any of the binary feasibility outcomes (recruitqﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Þ
ment, retention), using the formula p  1:96 pð1−p
for a
n
single binary proportion and the value of p which maximizes the standard error (p = 0.5). A sample size of n =
40 participants [47] is expected to provide data sufficient
to estimate variability in outcome measures as well as to
assess trial feasibility. Furthermore, Whitehead et al.
have shown that 40 participants in a pilot study are optimal when the future main trial is expecting a small to
medium effect size [48]. We also expect qualitative data
to be saturated with 30 interviews, at which we expect
to yield sufficient data to achieve redundancy. However,
we will increase the sample size until saturation is
reached if needed [49].

Table 1 Feasibility outcomes
Outcome

How assessed

Target

Recruitment

How many approached by clinic, how many referred, how many
study eligible, how many consented; why ineligible or refused;
how long to recruit each patient

40% recruitment rate, based on recruitment
of all eligible

Retention

How many drop out at each monthly time point, who and why

70% retention rate

Patient satisfaction and
acceptability

Patient perceptions, satisfaction, and acceptance of the intervention
through pre- and post-surveys

75% satisfaction rate based on positive
responses to questionnaires
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Fig. 1 Schedule of enrolment, interventions, and assessments

Data collection, management, and analysis

Trained interviewers will collect socio-demographic information and clinical data through in-person participant
visits or collection from clinic records for all participants,
including adherence rates (dose counts, appointments) at
baseline and then on a monthly basis. Additionally, information will be collected at baseline regarding sharing of
phones, baseline perceptions of texting, and frequency of
texting. Per usual care, participants are expected to return

Fig. 2 Sample visit protocol, 4-month regimen

to clinic once a month for a check-in and medication refill. Self-reported missed doses and pill bottle counts are
recorded in the medical chart and will be abstracted to a
study monitoring log. Figure 1 shows the various data elements collected at study time points and Fig. 2 a sample
visit protocol for the 4-month regimen.
Participants will be prospectively followed until treatment completion or dropout. We will define participants
as lost to follow-up if they are unable to be traced per
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clinic protocol (two phone calls and a certified letter).
The research coordinator will maintain a log documenting refusals and reporting recruitment numbers.
Detailed semi-structured interviews will be conducted
with all individuals during their final visit to qualitatively
assess preferences, attitudes, and satisfaction with the
study intervention. User attitudes will be assessed for
both the texting intervention and phone reminder system. Text group participants will be asked for reasons
for non-response. These might include forgetting to text
back, being too busy, personal reasons, or not understanding the protocol. Treatment defaulters, as assessed
through chart review, will be asked for non-adherence
reasons and satisfaction with various reminder systems
through a one-time phone interview. All interview
guides will have been piloted during staff training and
presented by an interviewer familiar with the language
or else with the aid of an interpreter service. Participants
will be asked whether messages are useful and acceptable, whether they found the message text and format to
work, and are of preferred quantity, frequency, and timing of use. Information will also be collected to better
understand initial expectations and whether attitudes
had changed towards the intervention throughout the
process. In addition, they will be asked whether they
would like to keep using the text message reminders
after the study and whether they would recommend the
text message reminder system to others. We anticipate
including some redundancy of questions to assess internal
consistency of responses. We will also collect (a) demographic characteristics of participants, (b) perceived benefits of, and barriers to, LTBI treatment completion, (c)
self-efficacy to complete treatment, (d) perceived susceptibility to TB disease, (e) satisfaction with provider interactions and patient education, and (f) preferred reminder
system, including whether phone sharing might have
affected the intervention and perceptions of costs.
Study data will be collected and managed using REDCap
(Research Electronic Data Capture) electronic data capture tools hosted at the University of Arizona’s College of
Medicine. REDCap is a secure, web-based application
designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry;
(2) audit trails for tracking data manipulation and export
procedures; (3) automated export procedures for seamless
data downloads to common statistical packages; and (4)
procedures for importing data from external sources. All
data will be password-protected and de-identified [50].
Data will be entered at the time of collection, and clinic
data will be abstracted by the clinic coordinator and integrated into the database. To facilitate analysis, the database will include the ability to generate custom reports
exportable to other applications. Summary reporting of
data will be conducted monthly to ensure satisfactory data

Page 6 of 9

quality. Regular meetings will be held with co-principal investigators to assess progress of data collection.
The database will also be used to capture lack of response
and number of approach attempts. Individual response
rates will be calculated as the number of user responses
divided by the total number of surveys sent out. All
data will be kept on secured servers. Questionnaires
will be administered in confidentiality and responses
kept in a secured office.
Statistical methods

Analyses regarding feasibility of the study will primarily
be descriptive in terms of recruitment and retention
rate, reasons for dropout, and deviations from protocol.
Participation bias will be assessed by comparing individuals included in the study to study refusals as well as
broader clinic participant characteristics.
Qualitative data will be transcribed and analyzed for
patterns and themes using NVivo 10, a qualitative analysis
program with which a member of the team has substantial
experience [51, 52]. Answers to open-ended questions regarding barriers and benefits of the reminder systems will
be categorized and described.
We will compare the proportion of participants completing treatment in each of the study groups in order to
assess preliminary efficacy [43]. Results will be reported
as the number (%) of participants for each treatment
group, the risk difference, and 95% confidence intervals.
Secondary outcomes will include proportion of missed
visits out of total scheduled visits; the number and
length of delays in medication refill; number of missed
doses; overall length of treatment (time to dropout); and
self-reported adherence.
Rescheduled or canceled appointments will not be
considered as missed although rate of canceled or rescheduled appointments will be collected. Comparisons of the
intervention group with the control group for all continuous or count outcomes will be carried out using t tests.
Proportions will be compared using a non-continuitycorrected test of proportions. Time to dropout will be
described using survival analysis methods.
Methods: monitoring
Data monitoring and harms

Due to the minimal risks of the study and nature of the
intervention, there is no formal Data Safety Monitoring
Board. On a monthly basis, the two study arms will be
compared for event rates, including side effects and their
severity, as well as distinguishing medication-related
from other side effects.
Auditing

All research staff have received human subjects research training and will receive appropriate training in
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recruitment, data collection, and management. Ongoing
study progress will be tracked with regular monitoring
by the PI with study and clinic personnel, training of all
staffs involved in the process, monthly research team
meetings, and regular review to ensure that study targets are being met.
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intervention studies should verify the results of this study
and scale up the proposed approach to broader populations and clinical sites.

Additional files
Additional file 1: SPIRIT checklist reporting guidelines. (DOC 121 kb)

Confidentiality

The web management application (PRiM) is passwordprotected, and data can be stored in encrypted format
when texting other subjects. Texts are addressed to deidentify usernames, and pass through the website, thus
keeping identities private—other subject’s phone numbers are never seen by subjects—as all contacts are indirect through the web application. Only HIPAA-trained
researchers are allowed to access or download the data
via the website.

Discussion
Treatment adherence and completion rates for latent tuberculosis infection remain suboptimal across high-risk
groups. This study is the first, to our knowledge, to assess the feasibility and acceptability of text messaging as
an adjunct to usual care for treatment for LTBI in the
USA. Strengths of this study include an adequate recruitment period, provision of an incentive that will help
balance concerns related to messaging costs, and indepth and ongoing collection of process measures.
Some limitations and challenges of this study are the
messaging cost for participants, the risk of participants
running out of plan minutes, and the possibility that
participants change numbers or service providers. Voice
calling and text messaging are equally affected by changing phone numbers, and text messaging might be advantageous if a patient is running low on plan minutes.
We will recommend that the clinic ask participants
about their phone plan at each visit. Participants may
miss appointments no matter the intervention, and we
recognize the possible limitations of self-reported adherence, including the fact that reporting during the week
prior to an appointment may not reflect adherence patterns over time, since participants may become more
adherent right before an appointment [53]. Finally, there
is possible selection bias of enrollees, since participants
must have a phone and be willing to text. Participants
may also need to be comfortable with the communication
style in order to effectively show behavior change [27].
We will compare our demographic and clinical data to
those of non-enrollees, in order to ensure generalizability
of our findings.
As a result of this pilot study, we will advance knowledge regarding best practices regarding adherence for
treatment of latent TB infection. As this is a pilot study, we
recommend results be interpreted with caution. Further

Abbreviations
LTBI: Latent tuberculosis infection; PCHD: Pima County Health Department;
PRiM: Platform for Research Integrated Messaging; REDCap: Research
electronic data capture; TB: Tuberculosis
Acknowledgements
The authors would like to acknowledge the study and clinic staffs who are
contributing to or are involved in this project.
Funding
This project is funded through an American Lung Association Social Behavioral
Research Grant. The study sponsor has no role in the design of the
study and the collection, analysis, and interpretation of the data and in
writing the manuscript.
Availability of data and materials
Not applicable.
Authors’ contributions
EO, MB, and LG were responsible for the conception and initial study design.
FG and CP will be responsible for coordinating data acquisition and clinic
activities. All authors were involved in drafting the manuscript and have read
and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was reviewed, approved, and monitored through the University
of Arizona’s Institutional Review Board as well as the Pima County Health
Department. All protocol (Protocol #1512274447A007) amendments will be
submitted to the Institutional Review Board prior to implementation and
communicated to the clinical site.
Trial status
Recruitment of participants was started in April 2016.
Author details
1
Department of Epidemiology and Biostatistics, College of Public Health,
University of Arizona, 1295 N. Martin Avenue, P.O. Box 245211, Tucson, AZ
85724, USA. 2Department of Health Promotion Sciences, College of Public
Health, University of Arizona, 1295 N. Martin Avenue, P.O. Box 245211,
Tucson, AZ 85724, USA. 3Pima County Health Department, University of
Arizona Health Sciences, Tucson, AZ, USA. 4Asthma and Airways Disease
Research Center, University of Arizona Health Sciences, Tucson, AZ, USA.
Received: 7 September 2016 Accepted: 2 February 2017

References
1. World Health Organization. Global tuberculosis report. Geneva: World Health
Organization; 2012.
2. Lipsitch M, Levin BR. Population dynamics of tuberculosis treatment:
mathematical models of the roles of non-compliance and bacterial
heterogeneity in the evolution of drug resistance. Int J Tuberc Lung Dis.
1998;2(3):187–99. Epub 1998/04/04.
3. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus statement.
Global burden of tuberculosis: estimated incidence, prevalence, and

Oren et al. Pilot and Feasibility Studies (2017) 3:15

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.

18.
19.

20.

21.
22.

23.

24.

25.

mortality by country. WHO Global Surveillance and Monitoring Project.
JAMA. 1999;282(7):677–86. Epub 1999/10/12.
Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund SH, Klein RS, et al.
A prospective study of the risk of tuberculosis among intravenous drug
users with human immunodeficiency virus infection. N Engl J Med. 1989;
320(9):545–50. Epub 1989/03/02.
Harries AD, Lawn SD, Getahun H, Zachariah R, Havlir DV. HIV and
tuberculosis—science and implementation to turn the tide and reduce
deaths. J Int AIDS Soc. 2012;15(2):17396. Epub 2012/08/21.
Jeon CY, Harries AD, Baker MA, Hart JE, Kapur A, Lonnroth K, et al. Bidirectional screening for tuberculosis and diabetes: a systematic review.
Tropical Med Int Health. 2010;15(11):1300–14. Epub 2010/10/21.
Khan K, Wang J, Hu W, Bierman A, Li Y, Gardam M. Tuberculosis infection in
the United States: national trends over three decades. Am J Respir Crit Care
Med. 2008;177(4):455–60. Epub 2007/11/22.
Bennett DE, Courval JM, Onorato I, Agerton T, Gibson JD, Lambert L, et al.
Prevalence of tuberculosis infection in the United States population: the
national health and nutrition examination survey, 1999–2000. Am J Respir
Crit Care Med. 2008;177(3):348–55. Epub 2007/11/09.
Bibbins-Domingo K, Grossman DC, Curry SJ, Bauman L, Davidson KW, Epling Jr
JW, et al. Screening for latent tuberculosis infection in adults: US Preventive
Services Task Force recommendation statement. JAMA. 2016;316(9):962–9.
Epub 2016/09/07.
Shieh FK, Snyder G, Horsburgh CR, Bernardo J, Murphy C, Saukkonen JJ.
Predicting non-completion of treatment for latent tuberculous infection:
a prospective survey. Am J Respir Crit Care Med. 2006;174(6):717–21.
Epub 2006/07/01.
Sumartojo E. When tuberculosis treatment fails. A social behavioral account of
patient adherence. Am Rev Respir Dis. 1993;147(5):1311–20. Epub 1993/05/01.
Sorresso DJ, Mehta JB, Harvill LM, Bentley S. Underutilization of isoniazid
chemoprophylaxis in tuberculosis contacts 50 years of age and older. A
prospective analysis. Chest. 1995;108(3):706–11. Epub 1995/09/01.
Hirsch-Moverman Y, Shrestha-Kuwahara R, Bethel J, Blumberg HM, Venkatappa
TK, Horsburgh CR, et al. Latent tuberculous infection in the United States and
Canada: who completes treatment and why? Int J Tuberc Lung Dis. 2015;19(1):
31–8. Epub 2014/12/19.
Horsburgh Jr CR, O’Donnell M, Chamblee S, Moreland JL, Johnson J, Marsh
BJ, et al. Revisiting rates of reactivation tuberculosis: a population-based
approach. Am J Respir Crit Care Med. 2010;182(3):420–5. Epub 2010/04/17.
Hirsch-Moverman Y, Daftary A, Franks J, Colson PW. Adherence to treatment
for latent tuberculosis infection: systematic review of studies in the US and
Canada. Int J Tuberc Lung Dis. 2008;12(11):1235–54. Epub 2008/10/18.
Storla DG, Yimer S, Bjune GA. A systematic review of delay in the
diagnosis and treatment of tuberculosis. BMC Public Health. 2008;8:15.
Epub 2008/01/16.
Li J, Munsiff SS, Tarantino T, Dorsinville M. Adherence to treatment of latent
tuberculosis infection in a clinical population in New York City. Int J Infect
Dis. 2010;14(4):e292–7. Epub 2009/08/07.
World Health Organization. Adherence to long-term therapies: evidence for
action. Geneva: World Health Organization; 2003.
Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X. Interventions for
enhancing medication adherence. Cochrane Database Syst Rev. 2008;2:
CD000011. Epub 2008/04/22.
Tulsky JP, Pilote L, Hahn JA, Zolopa AJ, Burke M, Chesney M, et al. Adherence
to isoniazid prophylaxis in the homeless: a randomized controlled trial. Arch
Intern Med. 2000;160(5):697–702. Epub 2000/03/21.
Dubanoski J, Cohen H. Tuberculosis chemoprophylaxis: measuring adherence
to the regimen. Psychol Health Med. 1998;3:181–92.
Liu Q, Abba K, Alejandria MM, Balanag VM, Berba RP, Lansang MA. Reminder
systems and late patient tracers in the diagnosis and management of
tuberculosis. Cochrane Database Syst Rev. 2008;4:CD006594. Epub 2008/10/10.
Chaisson RE, Barnes GL, Hackman J, Watkinson L, Kimbrough L, Metha S,
et al. A randomized, controlled trial of interventions to improve adherence
to isoniazid therapy to prevent tuberculosis in injection drug users. Am J
Med. 2001;110(8):610–5. Epub 2001/05/31.
Forrester Research. SMS usage remains strong in the US: 6 billion SMS
messages are sent every day. 2012 [10/26/2013]; Available from: http://
blogs.forrester.com/michael_ogrady/12-06-19-sms_usage_remains_strong_
in_the_us_6_billion_sms_messages_are_sent_each_day.
Smith A. Trends in Mobile Phone Usage: Overview of Pew Internet Project
Research. Pew Internet and American Life Project. 2011 [October 28, 2013];

Page 8 of 9

26.
27.

28.

29.

30.

31.
32.
33.
34.
35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

Available from: http://www.pewinternet.org/Reports/2011/Cell-PhoneTexting-2011/Main-Report/How-Americans-Use-Text-Messaging.aspx.
Fisher JD, Fisher WA. Changing AIDS-risk behavior. Psychol Bull. 1992;111(3):
455–74. Epub 1992/05/01.
Thirumurthy H, Lester RT. M-health for health behaviour change in resourcelimited settings: applications to HIV care and beyond. Bull World Health Organ.
2012;90(5):390–2. Epub 2012/05/17.
McAlister AL PC, Parcel GS. How individuals, environments, and health
behaviour interact: social cognitive theory. In: Glanz KRB, Viswanath K,
editors. Health behavior and health education: theory, research, and
practice. San Francisco: Jossey-Bass; 2008.
Denkinger CM, Grenier J, Stratis AK, Akkihal A, Pant-Pai N, Pai M. Mobile
health to improve tuberculosis care and control: a call worth making.
Int J Tuberc Lung Dis. 2013;17(6):719–27. Epub 2013/04/02.
Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, et al. Effects of a
mobile phone short message service on antiretroviral treatment adherence
in Kenya (WelTel Kenya1): a randomised trial. Lancet. 2010;376(9755):1838–45.
Epub 2010/11/13.
Kaplan WA. Can the ubiquitous power of mobile phones be used to
improve health outcomes in developing countries? Global Health. 2006;2:9.
Atun RA, Samyshkin Y, Thomas L, McKee M, Sittampalam SR, Coker R. The
potential of SMS applications for the control of tuberculosis. 2006. p. 4.
Barclay E. Text messages could hasten tuberculosis drug compliance. Lancet.
2009;373(9657):15–6. Epub 2009/01/07.
Bridges. Org. 2005 [10/1/2013]; Available from: http://www.kiwanja.net/
database/document/report_tb_compliance.pdf.
Steinhubl SR1, Muse ED, Topol EJ. Can mobile health technologies
transform health care? JAMA. 2013;310(22):2395-6. doi: 10.1001/jama.2013.
281078.
Interactive Research & Development. mHealth to improve TB care. 2012.
http://www.stoptb.org/assets/documents/resources/publications/acsm/
mHealth%20to%20Improve%20TB%20Care.pdf.
Nglazi MD, Bekker LG, Wood R, Hussey GD, Wiysonge CS. Mobile phone
text messaging for promoting adherence to anti-tuberculosis treatment:
a systematic review. BMC Infect Dis. 2013;13:566. Epub 2013/12/04.
Lei X, Liu Q, Wang H, Tang X, Li L, Wang Y. Is the short messaging
service feasible to improve adherence to tuberculosis care? A crosssectional study. Trans R Soc Trop Med Hyg. 2013;107(10):666–8.
Epub 2013/08/07.
Kunawararak P, Pongpanich S, Chantawong S, Pokaew P, Traisathit P,
Srithanaviboonchai K, et al. Tuberculosis treatment with mobile-phone
medication reminders in northern Thailand. Southeast Asian J Trop Med
Public Health. 2011;42(6):1444–51. Epub 2012/02/04.
van der Kop ML, Memetovic J, Patel A, Marra F, Sadatsafavi M, Hajek J, et al.
The effect of weekly text-message communication on treatment completion
among patients with latent tuberculosis infection: study protocol for a
randomised controlled trial (WelTel LTBI). BMJ Open. 2014;4(4):e004362.
Epub 2014/04/11.
Thabane L, Ma J, Chu R, Cheng J, Ismaila A, Rios LP, et al. A tutorial on pilot
studies: the what, why and how. BMC Med Res Methodol. 2010;10:1. Epub
2010/01/08.
Karasz HB, S. Investing in a texting system. Northwest Public Health. 2012
(Spring/Summer):20-1.
Menzies D, Dion MJ, Rabinovitch B, Mannix S, Brassard P, Schwartzman K.
Treatment completion and costs of a randomized trial of rifampin for
4 months versus isoniazid for 9 months. Am J Respir Crit Care Med. 2004;
170(4):445–9. Epub 2004/06/03.
Simoni JM, Kurth AE, Pearson CR, Pantalone DW, Merrill JO, Frick PA. Selfreport measures of antiretroviral therapy adherence: a review with
recommendations for HIV research and clinical management. AIDS
Behav. 2006;10(3):227–45. Epub 2006/06/20.
Arnsten JH, Demas PA, Farzadegan H, Grant RW, Gourevitch MN, Chang CJ,
et al. Antiretroviral therapy adherence and viral suppression in HIV-infected
drug users: comparison of self-report and electronic monitoring. Clin Infect
Dis. 2001;33(8):1417–23. Epub 2001/09/11.
Chan AW, Tetzlaff JM, Altman DG, Dickersin K, Moher D. SPIRIT 2013: new
guidance for content of clinical trial protocols. Lancet. 2013;381(9861):91–2.
Epub 2013/01/12.
Lancaster GA, Dodd S, Williamson PR. Design and analysis of pilot studies:
recommendations for good practice. J Eval Clin Pract. 2004;10(2):307–12.
Epub 2004/06/11.

Oren et al. Pilot and Feasibility Studies (2017) 3:15

Page 9 of 9

48. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample
size for a pilot randomised trial to minimise the overall trial sample size for
the external pilot and main trial for a continuous outcome variable. Statistical
methods in medical research. 2015. Epub 2015/06/21.
49. Patton MQ. Qualitative research and evaluation methods. 3rd ed. Thousand
Oaks: Sage Publications; 2002.
50. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support.
J Biomed Inform. 2009;42(2):377–81. Epub 2008/10/22.
51. Sabo S, Ingram M, Reinschmidt KM, Schachter K, Jacobs L, Guernsey de
Zapien J, et al. Predictors and a framework for fostering community
advocacy as a community health worker core function to eliminate health
disparities. Am J Public Health. 2013;103(7):e67–73. Epub 2013/05/18.
52. Reinschmidt KM, Chong J. SONRISA: a curriculum toolbox for promotores to
address mental health and diabetes. Prev Chronic Dis. 2007;4(4):A101. Epub
2007/09/19.
53. Cramer JA, Scheyer RD, Mattson RH. Compliance declines between clinic
visits. Arch Intern Med. 1990;150(7):1509–10. Epub 1990/07/01.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

