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Abstract
Introduction: Adherence to a complex and ongoing set of therapeutic recommendations significantly determines short and long-
term outcomes after kidney transplantation (KT). Interactive voice response system (IVRS) is a novel phone-based platform which is
potentially useful to deliver health behavior interventions.

Objective:The aims of the study is to describe the development of a theory-driven and educational IVRS investigate the effect of an
IVRS on the self-management outcomes in KT recipients as compared with the control group.

Methods:This study has been designed as a randomized, 2 parallel groups controlled trial. The KT recipients’ older than18 years of
age with access to a cellphone will be included. A total of 120 patients will be randomly assigned to the control and intervention
groups. The participants in the intervention group will receive completely automatic calls in 3 categories: educational, medication
adherence, and reminders by the IVRS, whereas those in the control group will receive usual care. The follow up will be performed
within 6 months. The primary outcome will be the medication adherence while patients’ transplant knowledge, health-related quality
of life, and rehospitalization rates will be considered as secondary outcomes.

Results: Thus far, recruitment of participants has not been completed and results will be published in 2019.

Discussion: The IVRS is potentially useful to help KT recipients improve the self-management outcomes. The hypothesis is using an
IVRS interventionmakesasignificantdifferencebetweenbasel assessmentof adherence to immunosuppressivemedications scale, 12-
item short form survey, second version, kidney transplant understanding tool baseline scores, and those obtained at the end of study.

Trial registration number: This trial is registeredwith the Iran Trial Registrar under registration number IRCT20180124038492N1
and registration date 30 January 2018. https://irct.ir/trial/29215

Abbreviations: BAASIS = Basel Assessment of Adherence to Immunosuppressive Medications Scale, CONSORT =
Consolidated Standards of Reporting Trials, CVI = Content Validity Index, CVR = Content Validity Ratio, HIV = Human
Immunodeficiency Virus, HRQoL = Health Related Quality of Life, ITBS = Immunosuppressive Therapy Barriers Scale, IVRS =
Interactive Voice Response System, KT = Kidney Transplantation, K-TUT = Kidney Transplant Understanding Tool, MUMS =
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1. Introduction

Kidney transplantation (KT) is a surgical replacement procedure
to remove a healthy, functioning kidney from a living or deceased
donor and implant it into a patient with end-stage renal disease.
The short and long-term outcomes after KT are largely
determined by the patient’s adherence to a complex and ongoing
set of medical recommendations, aimed at minimizing the risk of
graft loss and comorbid complications.[1,2] Self-management is
intended to help patients to maintain wellness in their foreground
perspective. Self-management programs must include content
that addresses the following 3 tasks: medical or behavioral
management, role management, and emotional management.[3]

For KT recipients, self-management tasks include adhering to an
immunosuppressive regimen, monitoring for signs of major
complications (ie, rejection, infection, andmalignancies), keeping
regular appointments with the nephrologists, and diet manage-
ment.[1,3,4]

Previous studies have shown that non-adherence to immuno-
suppressant is associated with 60% increased risk of graft
rejection among KT recipients.[5] Moreover, a recent longitudinal
study has proved that the patients with appointment non-
adherence had 1.5 times higher risk of acute rejection and 65%
higher risk of graft loss.[6] Several observational studies have
published high non-adherence rates to lifestyle recommenda-
tions.[7,8] Kobus et al have shown that 85.3% of patients did not
change their diet after KT and 64.2% were not aware of dietary
recommendations.[8] Adherence to recommended lifestyle is
critical to maintain the positive prognosis as well as health-
related quality of life (HRQoL). Employing self-management
programs might be useful to help patients adapt a proper
lifestyle.[9]

In developing countries, widespread use of mobile devices and
almost universal coverage of signal network has given mobile-
based interventions (m-Health) a higher opportunity to be more
affordable, effective, and accessible among patients.[10–12] It has
been previously proved that m-Health interventions have become
successful to obtain objectives in low-income countries in an
economically viable and sustainable way.[13,14] The m-Health
interventions can be used to provide educational and supportive
contents, reminders, and immediate response to patients’
questions aiming to overcome weak access to information and
limited human resources.[15–17]

The integration of telephony with computers has created an
advancement in health information technology called interactive
voice response system (IVRS), which, in particular, has emerged
in the form of many applications dealing with chronic disease
management.[16,18,19] Using IVRS, patients interact with a set of
organized voice-recorded message components and are able to
respond to queries using their touch-tone phones. The IVRS
offers a way to help individuals address their health literacy
issues. Since the per-contact cost of IVRS is low, frequent health
monitoring messages can be sent to ensure continuous contact
with patients.[20] In addition, since patients carry their mobile
phone with them wherever they go, the occurrence of missing or
unsuccessful calls are very unlikely.[18]
2

Many IVRS applications in healthcare have recently been
explored. For instance, a recent review on the effectiveness of
IVRSs for managing chronic conditions concluded that these
interventions are useful to change patients’ behaviors and,
consequently, improve health-related outcomes.[21] Furthermore,
other studies have shown that patient education is the best way to
effectively improve medication adherence. Depending on the type
of non-adherence and the patient’s profile, the use of a
combination of educational interventions (eg, patient education,
self-care, and patient motivation) has the greatest potential to
improve medication adherence.[22–25]

Health education programs are aimed to improve outcomes,
increase the benefits for the community, and, consequently,
enhance public health.[26] More specifically, the program logic
model (PLM) helps to identify the measurable outcomes in the
causal chain.[27] PLM offers a framework to guide the content of
e-health education programs, enabling the healthcare providers
to more effectively define and measure objectives, empower
patients, and improve patient care.[28] The PLM will be used
during the development and implementation phases of this study.
According to the PLM, patient education results in proximal
outcomes (eg, knowledge and compliance) and intermediate
outcomes (eg, self-efficacy and QoL). As a long-term effect,
patient education programs might decrease or eliminate the loss
of productivity, increase community capacity, and increase the
efficiency of health care resources. Since post-transplant
management is a complex process and KT recipients have a
lot to learn, inadequate patient knowledge can easily result in dire
consequences (eg, decreased adherence to recommendations and
organ rejection).[29,30] We hypothesized that automatic IVRSs
designed based on educational and theory-driven intervention
which is acceptable to the individual patient would improve self-
management in KT recipients who received IVRS compared to
patients who only received usual care. Thus, we designed a
randomized, 2 parallel groups controlled trial to evaluate the
effect of an IVRS intervention on self-management outcomes
(such as immunosuppressant medication adherence, transplant
knowledge, and quality of life) among KT recipients.

2. Theoretical framework

Behavior and behavior change are described as the critical
components of a self-management process for chronic dis-
eases.[33] According to Barlow and colleagues, self-management
is defined as the ability of the patient to manage the symptoms of
complications, treatment approach, physical and psychosocial
issues, and lifestyle patterns.[34]

The intervention in this study was based on the self-regulation
theory,[35] which describes how patients understand their illness
and how they establish coping strategies to manage their
condition.[36] In this theory, while a patient is considered as an
“active problem-solver,” the role of both cognitive and emotional
processes determines the illness perceptions and associated
coping strategies (ie, self-management behaviors).[36] Moreover,
the self-regulation theory suggests that relevant factors should be
displayed by the content of interventions including accurate
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information, creating behavioral skills and supplying effective
support.[37] This theory focuses on the patient’s personal model
to determine his/her behavioral responses to illness. Five core
elements are identified for transplant representations: identity,
cause, timeline, consequences, and treatment effectiveness.[38]

Some environmental modifications can be used to enhance the
self-regulation process, such as the reminder systems. These
systems promote the patient’s self-efficacy by eliminating the
barrier of forgetfulness.[39] Cost-effectiveness of such systems
helps researchers to manage patient adherence.[40,41]
3. Methods

3.1. Design and development of IVRS

We used the following phases to design and develop our IVRS:

3.1.1. Preliminary study to investigate patient requirements.
In a preliminary study, non-adherent immunosuppressive
patients were determined by basel assessment of adherence to
immunosuppressive medications scale (BAASIS).[31] Also, in this
group of patients, barriers to medication non-adherence were
determined by the immunosuppressive therapy barriers scale.[32]

Our investigation in patient requirement identified the barriers to
adherence as follows: use of multiple pills of immunosuppressive
medications at 1 time, lack of understanding about the usefulness
of immunosuppressive medications, confusion about medication
taking, and difficulty in remembering the medication taking.

3.1.2. Educational content. An expert group was created,
consisting of a group of nephrology specialists, patient education
specialists, nurses, and medical informatics specialists. Three
focus group sessions with 10 individuals were formed to
determine provider expectations of these patients over a period
of 8 hours. In this focus group, the booklet related to transplant
patients was reviewed and educational content was corrected and
confirmed according to the patient requirements and provider
expectations. Educational content consisted of the following 7
sections:
(1)
(2)
Immune system and its role in rejection.
Immunosuppressive medications and complications.
(3)
 Infections and methods for prevention.

(4)
 Nutrition.

(5)
 Long term care.

(6)
 Return to work and life.

(7)
 Sexual activities and pregnancy.
Each section consisted of between 2 and 8 subsections.
An additional file shows more details about the export group,

(see Supplemental file 1, http://links.lww.com/MD/C803).

3.1.3. Patient profile. A Delphi round by the expert group
determines the data elements needed for the patient profile. The
final profile of the patient consists of 5 main categories, including:
(1)
 Demographic information (unique number, age, gender,
educational level, mobile phone number, city, type of
residence, and patient address)
Medical information (date of transplant, donor)
(2)

(3)
 Type of immunosuppressive medication and usage intervals,

(4)
 Patient’s passcode

(5)
 Date of referral and patient’s follow up.
We need the information in the profile to make individualized
IVRS’s calls and reminders.
3

3.1.4. IVRS development. The IVRS consisted of several
technologies working together in order to schedule, receive, enter,
and record automated phone calls. We used the Linux Cent
operating system,VoIPnetwork, PHPas theProgramming language
to write IVR call flow/script and MySQL server as a database that
connected to the Asterisk server. IVRS is implemented by installing
the Asterisk server on the host machine and creating virtual
machines. One e1 line is connected to the VoIP network to transfers
out the phone calls. For each patient, all patient profile information
and setting calls must be entered. Also, every interaction of the
system with the patient will be recorded in the patient profile as
patient’s reports. Patient reports also contain the date, time and
content of short messages service (SMSs) and phone calls.
Figure 1 shows a screenshot of the web application for

managing our proposed IVRS. The boxes at the top of the figure
show some important statistics such as the number of calls and
SMSs. The diagram reveals calls’ status in the previous 30 days,
where blue bars show the number of all calls in that day, green
nodes indicate the number of completed calls, and red nodes
represent the number of missed calls. The main menu at the left of
the figure navigates the administrator of the IVRS to other pages
of the application. It is worth noting that the only user of this
application is the administrator of the IVRS. An additional file
shows more details about the application, (see Supplemental file
2, http://links.lww.com/MD/C803).

3.1.5. Pilot implementation of IVRS. Information on 10 KT
recipients (who were not considered for final evaluation) was
entered into IVRS with preset reminders and educational calls.
After 2 weeks, the same 10 participants were called and asked
some questions about their experience with the working with the
system, particularly focusing on their satisfaction, ease of use and
possible problems with the system. Ninety percent of KT
recipients expressed that they were satisfied and interested in
the sent reminders and educational calls. An additional file shows
more details about the questions, (see Supplemental file 3, http://
links.lww.com/MD/C803).

3.2. Evaluation IVRS
3.2.1. Study design. A randomized, 2 parallel groups, con-
trolled trial in accordance with the Consolidated Standards of
Reporting Trials guidelines[33] was designed (Fig. 2). The
protocol is reported in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials 2013 State-
ment.[34]

3.2.2. Study setting. The study will be conducted in Montaser-
ieh Transplant Center in Mashhad, Khorasan Razavi province,
northeastern Iran. Montaserieh is the only specialized govern-
mental referral educational hospital providing organ transplan-
tation in northeastern Iran. The center is affiliated with Mashhad
University of Medical Sciences (MUMS).

3.3. Participants

KT recipients who will be referred to the center in July 2018 for
follow up visits and caretaking are screened for eligibility. Eligible
patients will be asked to provide consent with appropriate trail
information and enough time to study and ask questions. Patients
will be received 2 types of information related to the study:
(1)
(2)
fully understandable oral information
2informed consent, in which the study design is described

completely.

http://links.lww.com/MD/C803
http://links.lww.com/MD/C803
http://links.lww.com/MD/C803
http://links.lww.com/MD/C803
http://www.md-journal.com
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Informed consent has already been evaluated by the Ethics
Committee of MUMS (IR.MUMS.fm.REC.1396.160). We
ensure participants can withdraw from the study at any time
without any commitment and no effect on their subsequent care.
Eligible participants will be included after completing informed
consent.
The inclusion criteria are as follows:
(1)
 KT recipients who have received a KT between 20 March
2012 and 20 March 2017,
having 18 years of age or more,
(2)

(3)
 having acceptable graft function (do not need any types of

dialysis),
having access to a mobile phone,
(4)

(5)
 being able to read the informed consent information, and

(6)
 willingness to participate.
The patients who are refused to participate in the study will be
excluded. KT patients will be randomly assigned to the control
(usual care) or intervention (usual care plus IVRS) groups. Usual
care includes an educational booklet for KT and patient
education provided by the nephrologists.
3.4. Interventions

Three types of completely automatic calls will be received by KT
patients through the IVRS.

3.4.1. Reminder call. The purpose of a reminder call is to remind
the patient about the time for taking immunosuppressive
medications and periodic appointment.Medication reminder calls
will be done once a day based on the type of immunosuppressive
medications which are recorded in the patient profile. The IVRS
will contact the patient’s mobile number and remind them about
Figure 1. A screenshot of the web application for managin
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taking their medication. In the absence of an answer, the system
will call again 30seconds later, and if she\he does not respond, it
will send a text message containing the medication reminder.
The periodic appointment reminder calls will be done every 2

months based on the date of referral which is recorded in the
patient’s profile a day before their appointment. Moreover, on
the day of appointment, patients will receive a reminder in the
form of an SMS.

3.4.2. Educational calls. Educational calls, which contain
information about self-management education in KT patients,
are made every day based on educational content to improve
patient transplant knowledge. These messages are recorded with
a clear voice. This part of IVRS is patient-centered, whereby calls
are made at specific times determined by the patient. Entering
contacts menu will be created so that KT patients can dial 31,806
and after record passcode, they can access to classified
educational information.

3.4.3. Medication adherence call.Medications adherence calls
measure immunosuppressive adherence on a daily basis. These
calls are designed to encourage the patient to answer 2 questions
at the end of the day. The first question is concerned with taking
the immunosuppressive medication and the second one is about
delayed timing. The participant is asked to answer the questions
using the phone keypad. Answers include 0=never, 1=once, 2=
twice, 3=more than twice. Patients selecting an answer other
than “never’”were considered as non-adherent in that day. Every
10 days, the system sends a feedback based on patient’s answers.
Feedbacks will be provided in the form of an SMS. The content of
this message will reveal the status of patient adherence (very poor,
poor, moderate, good, and excellent) and will contain a
motivating message.
g the IVRS. IVRS = interactive voice response system.
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Participants can withdraw from the study at any time and for
any reason. The researchers can remove a participant from the
study if they miss more than 2 follow-up visits or if they need
some type of dialysis based on a nephrologist’s expert opinion.
3.5. Outcomes measure

Study outcomes will be evaluated in accordance with Table 1.
Primary and secondary outcomes are measured at baseline, and
at 2-months, 4-months, and 6-months after baseline. For ethical
reasons, if the intervention is found to be effective, all groups will
have access to IVRS at the end of the intervention. Primary
outcomewill be immunosuppressive medication adherence that is
evaluated based on a self-report in both groups during the follow-
up period. The secondary outcomes include transplant knowl-
edge, HRQoL, and rehospitalization rate.
3.6. Sample size

According to the study by Garcia et al,[35] an study effect size
based on 90% power and data with a 2-tailed a = 0.05, in
medication adherence between the control and intervention
5

groups, was estimated to be 40 patients in each group.
Considering the 50% prop up rate during the study, our goal
is to employ 60 patients in each group.
3.7. Participant timeline

Participants’ timeline will be done based on Table 1. In the
baseline assessment, we asked patients about the suitable timing
to receive educational calls.
3.8. Randomization

After reviewing the outpatient medical records of patients
referred to the clinic, we first obtain their informed consent.
Then participants will be stratified into different strata based on
their respective date of transplantation. The first stratum will be
included participants who have received a transplant between
March 21, 2015 and March 20, 2017, and the second stratum
will include recipients who have received a transplant between
March 20, 2012 and March 20, 2015. In fact, the goal is to
eliminate the effect of post-transplantation time in evaluating self-
management patients. Then participants will be randomly

http://www.md-journal.com
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Table 1

Timing of outcome measurement and validated instrument.

Outcome Validated questionnaires Time points, mo

Immunosuppressive medication adherence Basel assessment of adherence to immunosuppressive medications scale (BAASIS) 0, 2, 4, 6
Transplant knowledge Kidney transplant understanding tool (K-TUT) 0, 2, 4, 6
Health related quality of life SF-12V2 questionnaire 0, 2, 4, 6
Rehospitalization rate Extracted from hospital information system and participant’s medical records 6

“0”: baseline assessment.

Ganjali et al. Medicine (2019) 98:6 Medicine
assigned to the control or intervention group in each stratum. For
generating the allocation sequence, we will be used computer-
generated random numbers provided by www.randomization.
com. Randomization sequence will be created by an independent
researcher, who is not involved in the collection or intervention
procedure. The allocation ratio of intervention: control is 1:1.
For each patient, a folded paper, containing the assignment

group together with a unique identification number in the study,
will be stored in a sealed envelope, such that the information will
not be readable without opening the envelope. Sealed envelopes
are arranged based on randomized sequences. The assistant
researcher will collect the baseline questionnaire and assigns the
patient to the relevant stratum. Subsequently, the assistant
researcher contacts the researcher (responsible for registering the
patient in the IVRS) and the researcher will assign the patient to 1
of the 2 intervention or control groups. If the participant is
assigned to the intervention group, the researcher registers the
participant in the IVRS based on baseline information.
3.9. Blinding

Because of the nature of the study, the allocation of participant to
the control or intervention group cannot be completely blind.
However, physicians and outcome evaluators will be completely
blinded to the control and intervention group. Hospital staff who
provide clinical and educational care and treatment services to
patients will also be blinded to the allocated group. Researchers
other than those in the clinical trial team and the research
assistant (who will register the participants and evaluate the
baseline) will be blinded to the group allocation throughout the
study.
3.10. Data collection tools

BAASIS[31] is a self-report tool containing 4 items for measuring
adherence to immunosuppressive medications over the past 4
weeks. This tool has important dimensions such as non-
adherence to medication (missing a dose), continuous missing
of several doses, non-adherence to medication taking time
(deviation more than 2 hours from the exact time), and reducing
the doses. The patients were asked to respond on a 6-point Likert
scale including 0=never, 1=once a month, 2=every 2 weeks,
3=every week, 4=more than once a week, and 5=every day.
Patients selecting an answer other than “never” were considered
as non-adherent. This tool was translated into Persian using the
forward–backward translation method. Then another specialist
compared the new version with the old version, and the
incompatibilities were removed. The revised version was
ultimately approved by the translators, and the final draft was
prepared.
Patients’ transplant knowledge treatment process will be

measured using the kidney transplant understanding tool (K-
6

TUT). This questionnaire was first translated to Persian by 2
researchers (forward) and then back-translated by 1 individual
(backward). Questionnaire’s content validity was checked
through 1 round of a Delphi session with the participation of
4 nephrologists and 4 coordinator nurses. To assess content
validity quantitatively, the content validity index (CVI) and
content validity ratio (CVR) indices were used. CVI was
computed as the number of experts giving a rating 3 or 4 to
the relevancy of each item, divided by the total number of experts.
In order to determine CVR, the experts were asked to examine
each item based on a 3-part spectrum: it is “necessary,” “useful,”
and “not necessary,” Then the responses were evaluated
according to the formula (the number of specialists selecting
the “necessary” option divided by the total number of the
specialists). Items with CVI values less than 0.78 were deleted.
The questionnaire reliability was checked through test-retest
reliability analysis. The questionnaire was given to 25 recipients.
After a week they were asked again to answer the questions, and
Pearson Correlation Coefficient was calculated for patient’s
transplant knowledge scores. This coefficient was 0.72, indicat-
ing the questionnaire acceptable level of reliability. The final
questionnaire contained 9 true/false and 13 multiple choice
questions (more than 1 correct answer). One score was given to
each correct answer. The maximum knowledge score was 57.
Higher knowledge scores indicated more KT knowledge.
In order to assess the health-related quality of life, the 12-item

short form survey, second version (SF-12V2) questionnaire was
administered. This questionnaire was validated by Montazeri
et al for a group of Iranian patients.[36] This 12-item
questionnaire evaluates a general understanding of your health,
physical performance, physical health, emotional problems,
physical pain, social function, vitality and vital energy, and
mental health. The maximum quality of life score is 48. A score
greater than 37 indicates a good quality of life, a score between 25
and 36 indicates intermediate quality of life, and a score less than
24 indicates poor quality of life.
Rehospitalization was defined as any unscheduled rehospitali-

zation (our program does not hospitalize for routine follow-up
evaluation). The total number of rehospitalization days over the
duration of the study, as measured by the cumulative number of
hospitalization days over this time period, were extracted from the
hospital information system and participants’ medical records.
3.11. Data management

Any decisions about outputs and decisions from this trial should
be ratified by the trial Management Committee (SE, MGS, FN,
FM, ZT, SBA, RG, and RG) and each of the named investigators
shall be eligible to have authorship. All data management should
be overseen for quality by our management committee. Data
entry and coding of the deidentified data will be conducted by
trained staff and we will use range checks for data values.
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3.12. Statistical analysis

For participants in the 2 groups, the intervention and control,
medication adherence will be measured and documented based
on the BASSIS self-report at baseline, 2, 4, and 6 months. For
determining effect of each predictor variable and modifying the
effect of confounding, we will use ordinary logistics regression
and multinomial logistics regression models. To evaluate
quantitative variables at different time points, if the variables
have a Gaussian distribution, the repeated ANOVAmeasure, and
otherwise the Friedman test, will be used. Cochrane test will be
used to evaluate and compare medication adherence across
different time points. P-values less than .05 will be considered as
statistically significant. All statistical analyzes will be performed
using the Statistical Package for the Social Sciences, version 23,
IBM. The electronic data file is stored on secure data servers and
its hard copy version will be stored in a locked file at MUMS.
3.13. Research ethics approval

This study was approved by the Ethics Committee of MUMS and
Medical School (IR.MUMS.fm.REC.1396.160, 2017-08-13).
3.14. Confidentiality

Participants’ personal information will be kept separate from the
main dataset and will not be made publicly available. It will be
stored on a secure file server research drive at MUMS to ensure
confidentiality protection before, during and after the study.
4. Results

We have complete preliminary qualitative and expert opinion
studies that provide educational content, profile information, and
intervention design. Recruitment of participants has not been
completed and results will be published in 2019. The IVRS is
potentially useful to help KT recipients improve self-management
outcomes. Using IVRS intervention will make significant differ-
ences between BAASIS, SF-12V2, K-TUT scores, when compar-
ing these at baseline and at the end of study.
5. Discussion

IVRS has been used in different parts of health care including after
hospital discharge to encourage test adherence, medication
adherence in patients with asthma and human immunodeficiency
virus, heart disease and self-management in back pain and post-
stroke.[37–43] IVRSs are used in medication adherence in different
conditions with different functions.[5,41,44–47] Previous studies
showed that providing information about the health consequences
appeared effective in promoting medication adherence. Such
information usually includes the advantages of taking medications
or the disadvantages of not taking them.[42,48] In this study, we tried
to design an intervention based on barriers for immunosuppressant
medication adherence. We will evaluate the effect of educational,
reminder, and feedback interventions not only in immediate
outcomes such as knowledge and medication adherence, but also
on intermediate outcomes such as quality of life and follow-up visits.
An important aspect of our study is that it is based on a

behavior change theory. Theory-based interventions can make
effective changes in behavior.[6–8] The incentives might be used to
reduce intentional and unintentional barriers. We hypothesized
that feedback with an incentive message might be more effective
than other forms of incentives. Thus the RCTwill be conducted in
7

KTrecipients to evaluate the effects of the IVRSon improvement of
patient self-management. In particular, m-health interventions
provide tangible incentives in the formof feedback,which have the
potential to warn patients about their health conditions. The
interactive elements in the IVRS can potentially help providers to
realize the patient self-management or measurement of patient-
reported outcomes and examine the process of behavioral changes.
One of the limitations of present is that behavioral change

observed during any controlled studymay not be directly translated
into clinical practice.Change inadherencebehavior reachedover the
period of the study may not be maintained after the program ends.
Moreover, an automated program may not effectively satisfy the
requirements and needs of all groups of patients.
To be able to effectively use the results of the present study in

clinical settings, we may need a preliminary evaluation to better
target the recipients of such an intervention. As such, for future
studies it may be desirable to examine whether new transplant
recipients or non-adherent patients respond differently to this type
of intervention than those with longer transplant histories or those
who have a better record of medication adherence in the past.
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