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Abstract

Organ transplant recipients must continue immunosuppressive therapy throughout their lives, and adherence to these
medications is critical for long-term graft survival. Multiple factors influence adherence, including socioeconomic status,
treatment-related variables, patient characteristics, disease-related factors, and components associated with the healthcare
system and team. Addressing these multifactorial challenges requires the integration of educational, cognitive, behavioral,
psychological, and emotional strategies. As integral members of the multidisciplinary healthcare team, nurses play a central
role in identifying barriers to adherence, utilizing appropriate assessment tools, and implementing evidence-based, patient-
centered interventions. This review highlights nurses’ responsibilities and contributions in promoting adherence and
supporting transplant recipients throughout their post-transplant journey.
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In solid organ transplantation, immunosuppressive
therapy is administered to suppress the immune
response in the early post-transplant period, maintain
long-term immune control, and prevent rejection. This
therapy is critical not only for graft survival but also for the
overall survival of the recipient. Oral administration is the
most common route for long-term immunosuppressive
therapy in transplant recipients. Although systemic
administration routes (such as oral and intravenous) offer
convenience, they may require high doses, carry a risk of
adverse effects, and result in variability in drug efficacy.
Due to their complex regimens and side-effect profiles,
immunosuppressive medications are often associated
with poor treatment adherence [1]. Non-adherence to an
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immunosuppressive regimen is one of the most significant
challenges following organ transplantation.

Medicationadherenceisdefined bythe EMERGE (ESPACOMP
Medication Adherence Reporting Guideline) framework as
the process by which patients take their medications as
prescribed, structured into three distinct phases: initiation
(when the patient takes the first dose), implementation
(the extent to which a patient’s actual dosing corresponds
to the prescribed regimen), and persistence (the time from
initiation until the eventual discontinuation of therapy).
This framework provides a standardized approach for
measuring and reporting medication adherence in both
research and clinical practice [2].
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Non-adherence to immunosuppressive therapy has been
associated with severe complications across all types of
organ transplants, leading to serious clinical consequences
such as acute and chronic rejection, graft loss, hospital
readmissions, and even mortality [1]. Compared with other
transplant populations, non-adherence is particularly
high among kidney transplant recipients, with reported
prevalence ranging widely from 2% to 89% [3,4]. Rates
of non-adherence in other organ transplant populations
include 42.8% in adult heart transplant recipients [5],49% in
liver transplant recipients [6], and 27.4% in lung transplant
recipients [7]. These outcomes underscore the importance
of developing and implementing adherence-enhancing
interventions—particularly those led by nurses—to reduce
non-adherence and promote long-term transplant success.

With the onset of the COVID-19 pandemic, healthcare
delivery models rapidly shifted toward digitalization, with
remote monitoring and digital health applications gaining
prominence in the management of chronic diseases [8].
However, the integration of these technologies into routine
practice remains limited [9]. Healthcare professionals
often have low levels of awareness regarding the usability
and applicability of digital technologies, and insufficient
knowledge about available resources contributes to
difficulties in adoption [10]. Importantly, there remain
significant gaps in the literature regarding the integration
of digital health applications into nursing practice and the
evaluation of their effectiveness.

This  review explores nursing approaches to
immunosuppressive medication adherence, drawing upon
the current literature.

Causes of Medication Non-adherence

Medication non-adherence can be classified into two
categories: intentional and unintentional. Intentional non-
adherence occurs when a patient consciously decides not
to follow their prescribed regimen, whereas unintentional
non-adherence typically results from external factors such
as transportation issues, financial difficulties, or lack of
access to medications [11].

The World Health Organization (WHO) categorizes the
factorsinfluencing medicationadherenceinto five domains:
socioeconomic factors, treatment-related factors, patient-
related factors, disease-related factors, and health system
andhealthcare team-related factors[12]. Specificrisk factors
for non-adherence include being female, younger age,
multiple chronic conditions, polypharmacy, inadequate
health literacy, lack of information, adverse drug effects,
doubts about the importance of immunosuppressive

medications, high treatment costs, limited appointment
availability, and restricted access to healthcare [4].

Conversely, protective factors have also been identified.
A qualitative study with liver transplant patients revealed
that confidence in medications, consistently carrying
medications, and receiving family support positively
impacted adherence [13]. Similarly, studies with kidney
transplant recipients indicated that changes in daily
routines were perceived as barriers to medication use
[14,15]. Identifying the factors that influence adaptation
behaviors is crucial for designing targeted nursing
interventions. In particular, recognizing modifiable factors
provides the basis for individualized and effective nursing
practices[16].Whileadherenceis often perceived as the sole
responsibility of patients, it can be significantly improved
through coordinated support from physicians, clinical
nurses, pharmacists, and other healthcare professionals.

Assessment and Nursing Approaches in Immunosup-
pressive Medication Non-adherence

Adherence to immunosuppressive therapy involves not
only taking medications but also taking them at the
correct dose and time. The first and most critical step in
addressing non-adherence is accurate assessment and
patient follow-up. Because poor adherence can lead to
severe consequences such as organ rejection and increased
infection risk, valid and reliable evaluation methods are
essential.

A variety of assessment tools have been described, but
there is no universal consensus on a standardized approach
[11,17]. Methods are generally divided into direct and
indirect approaches [12]. Direct methods include directly
observed therapy and therapeutic drug monitoring [17].
Although objective and accurate, these methods are
limited by cost and feasibility issues [18]. Indirect methods
include pill counts, patient self-reports, medication diaries,
prescription refill records, and electronic monitoring
devices [17]. While easier to apply, indirect approaches may
be less reliable [18].
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Recently, electronic medication monitoring has become
more widespread and is considered a potential gold
standard [19]. Tools include electronic pill bottles, smart
inhalers, smart blister packs, ingestible sensors, video-
observed therapy, electronic medication management
systems, mobile health applications, and smartwatches
[20]. These technologies enable real-time monitoring
and immediate feedback, thereby enhancing adherence.
Nonetheless, patient self-reports remain the most widely
used method due to their low cost and ease of use [17].
Therefore, a multi-method approach is recommended,
as combining different strategies increases accuracy and
reliability [12,17,18].

Despite the availability of numerous tools, many healthcare
professionals—particularly nurses—report insufficient
training in medication adherence assessment [21]. Training
programs have been shown to improve nurses’ knowledge
and evaluation skills in this area [22]. Accurate assessment
enables the development of targeted interventions.
For example, electronic monitoring has been shown
to positively affect adherence to immunosuppressive
therapy [23]. Moreover, a meta-analysis demonstrated
that multicomponent interventions, particularly those
combining electronic monitoring with self-reports, improve
patients’ knowledge, increase regular participation in
follow-up visits, strengthen medication-taking behaviors,
and highlight the effectiveness of reminder systems [24].

These findings emphasize the importance of integrating
technology-supported monitoring tools into nursing
practice to enhance medication adherence in transplant
recipients.

The Role of Nursing Interventions in Immunosup-
pressive Medication Adherence

!

Nurses are in a unique position to understand patients
daily needs and the challenges they encounter,
making them key contributors to clinical decision-
making processes [25]. However, they face multiple
challenges in improving medication adherence, such
as providing patient education, involving caregivers in
the educational process, and monitoring medication
side effects. Despite these challenges, nurses—who are
involved in all stages of healthcare and responsible for
delivering holistic care—should play an active role in
planning, implementing, and evaluating interventions
designed to improve adherence [26]. By identifying
the causes of non-adherence, nurses can develop
personalized, patient-centered strategies tailored to
individual needs and preferences.

In recent vyears, growing scientific evidence has
demonstratedthepositiveimpactofnurse-ledinterventions
on medication adherence [27]. These interventions have
been shown to mitigate the adverse consequences of low
adherence rates and underscore the critical role of nurses
in ensuring patient safety [28]. A large-scale study among
European nurses (n=4888) reported that nurses routinely
engage in monitoring therapeutic effects and side
effects of medications, assessing adherence, managing
prescriptions, and providing patient education as integral
aspects of their clinical practice [29].

Among the strategies to improve adherence, patient
education remains fundamental and should be
incorporated into routine clinical practice [30]. Most
centers implement structured education programs prior
to discharge, covering correct medication use, side effects,
the importance of immunosuppressive drugs, diet, weight,
blood pressure and temperature monitoring, physical
activity, early warning signs of complications, health
screenings, and infection prevention. Ideally, education
should be reinforced at regular intervals, as single-session
education has limited long-term effects [31].

Interventions designed to improve adherence include
educational and cognitive approaches, behavioral
strategies, psychological and emotional support, financial
assistance, electronic monitoring with feedback, and the
use of medication reminders [16]. Systematic reviews have
shown that psycho-educational programs, outpatient
clinic interviews, remote video consultations, structured
instructions for medication-taking behaviors, goal setting
with action plans, provision of reliable information, health
outcome education, feedback, social support, reminder
tools, and problem-solving approaches all positively affect
adherence [3,32].

A systematic review of randomized controlled trials
in transplant recipients found that the most common
interventions focused on providing information about
health outcomes (78%) and behavior modification (30%)
[9]. Psycho-educational interventions are usually delivered
by multidisciplinary teams, addressing underlying causes
of non-adherence and providing lifestyle guidance. One
review highlighted their positive impact on adherence in
heart transplant recipients [33]. Although it is difficult to
identify the single most effective intervention, evidence
suggests that a combination of approaches tailored to
patient-specific factors and healthcare contexts is the most
successful strategy [3,32]. Given that adherence in chronic
disease management is lifelong, nurse-led interventions
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should also be designed for long-term implementation.
Nonetheless, evidence indicates that adherence often
declines over time; for example, De Geest et al. (2014)
reported a steady rise in non-adherence between 6
months and 3 years post-transplant [35]. Therefore,
sustained monitoring and long-term adherence support
are recommended [24].

Despite their central role, many nurses still report gaps in
their educational competence. De Baetselier et al. found
that 63.4% of nurses did not feel adequately prepared
to provide patient education [29]. Strengthening nurses’
knowledge and educational skills is therefore essential for
improving adherence outcomes. Education not only helps
patients recognize potential side effects and seek timely
professional support but also shifts the focus from simply
remembering to take medications to understanding their
critical importance. Evidence suggests that behavioral
interventions are often more effective than purely cognitive
approaches in improving adherence [36].

Patient motivation is another determinant of adherence,
reflecting the willingness to modify behaviors and thought
patterns. Motivational interviewing has emerged as an
effective strategy for fostering collaboration, setting
shared goals, and facilitating behavioral change [37].
Moreover, interprofessional communication and teamwork
can further enhance adherence by providing a holistic and
consistent approach to medication management.

In recent years, digital health technologies have been
increasingly integrated into adherence support. These
tools provide significant advantages, including remote
monitoring of medication intake, blood pressure, and
glucose levels, as well as offering reminders, educational
support, and direct communication [30]. Mobile health
interventions, in particular, are strongly recommended
for optimizing immunosuppressive regimens [24]. Meta-
analyses of electronic monitoring interventions have
demonstrated significant improvements in adherence
[38]. Mobile applications and wearable devices, such as
smartwatches, not only deliver reminders but also increase
disease awareness, provide education on side effects and
drug interactions, and thereby contribute to improved
adherence and health outcomes [39].

A Cochrane review assessing interventions to improve
immunosuppressive medication adherence in transplant
recipients concluded that behavioral strategies, patient
education, and digital health applications can be effective.
Notably, multicomponent interventions showed the most
consistent improvements, although the methodological

quality of available studies remains variable [40]. These
findings underscore the growing importance of integrating
digital healthinto nursing practice, particularly in managing
complex regimens such as lifelong immunosuppressive
therapy.

Conclusion

Given  that transplant recipients must take
immunosuppressive medications throughout their lives,
nurses play a pivotal role as the primary link between
patients and the healthcare team, especially in education
and  awareness-raising.  Nurse-led, individualized
interventions have been shown to improve adherence and,
consequently, long-term health outcomes. Strengthening
nurses’ competencies in adherence assessment through
standardized tools, and implementing appropriate
interventions in cases of non-adherence, is essential.

Future research should compare nursing interventions
across different transplant populations and evaluate the
effectiveness of digital solutions. Such studies would
provide valuable evidence for refining adherence strategies
and advancing nursing practice in the care of organ
transplant recipients.
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