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ABSTRACT

Medication non-adherence (MNA) is a major issue in kidney transplantation and it is associated with increased risk of
rejection, allograft loss, patients’ death and higher healthcare costs. Despite its crucial importance, it is still unclear
what are the best strategies to diagnose, prevent and treat MNA. MNA can be intentional (deliberate refusal to take the
medication as prescribed) or unintentional (non-deliberate missing the prescribed medication). Its diagnosis may rely on
direct methods, aiming at measuring drug ingestions, or indirect methods that analyse the habits of patients to adhere
to correct drug dose (taking adherence) and interval (time adherence). Identifying individual risk factors for MNA may
provide the basis for a personalized approach to the treatment of MNA. Randomized control trials performed so far have
tested a combination of strategies, such as enhancing medication adherence through the commitment of healthcare
personnel involved in drug distribution, the use of electronic reminders, therapy simplification or various
multidisciplinary approaches to maximize the correction of individual risk factors. Although most of these approaches
reduced MNA in the short-term, the long-term effects on MNA and, more importantly, on clinical outcomes remain
unclear. In this review, we provide a critical appraisal of traditional and newer methods for detecting, preventing and
treating non-adherence to immunosuppression after kidney transplantation from the perspective of the practising
physician.

Keywords: behaviour therapy, drug monitoring, graft rejection, immunosuppressive agents, medication adherence,
organ transplantation, patient education, risk factors

INTRODUCTION

Kidney transplantation is the treatment of choice for end-stage
kidney disease. However, despite advances in short-term out-
comes, long-term renal allograft loss remains a significant is-
sue [1–3]. One of the most important and often underestimated
modifiable factors that strongly affects graft fate is medication

non-adherence (MNA) [4]. It has been reported that MNA is re-
sponsible for nearly 20% of antibody-mediated rejections [5]
and 16% of early graft losses [6]. This is a matter of con-
cern, as rejection-induced graft loss is associated with an in-
creased risk of sensitization, which reduces the chances of
being re-transplanted [7]. Finally, rejection and the associated
increased immunosuppression burden increase hospitalization
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Box 1. Take home messages on MNA

MNA is associated with increased risk of rejection, allograft loss, patients’ death and higher healthcare costs.
The degree of MNA, which can influence the clinical outcomes and that requires a specific treatment strategy, is not defined
MNA risk factors are associated with patients, therapy, disease characteristics, healthcare organization, and socioeconomic and cultural
characteristics. Some of these factors can be modifiable and represent the corner of treatment strategies.
Because MNA can appear/worsen during extremely stressful moments or anytime, it must be constantly monitored. Since risk factors
can vary at any moment, different strategies may need to be adopted in the same patient.
Intentional MNA, which is characterized by a—usually unrecognized—deliberate refusal to comply with the prescribed therapy, is hard
to diagnose and treat. These patients are hardly included in clinical trials. Constant motivational-behavioural interventions may
represent the only viable resource to prevent and treat intentional MNA.
Unintentional MNA is characterized by non-deliberate reduced adherence to the prescribed therapy. It is easier to diagnose and to treat.
Unintentional MNA diagnostic tools might occasionally be oversensitive.
Strategies that have been assessed for the prevention and treatment of MNA include:

- the commitment of healthcare personnel involved in drug distribution (i.e. pharmacist, nurses)
- the use of electronic reminders (i.e. alarmed drug container, phone alarms and Apps)
- therapy simplification
- multidisciplinary approaches (i.e. nurses, psychologists, medical doctors and trained therapy coaches) to maximize the correction of

individual risk factors.
Overall, they were shown to improve MNA, but the effect generally vanished thereafter. Moreover, no trial published so far has shown
any improvement in clinical outcomes. Lack of benefit may be related to failure to include MNA patients because of the ‘streetlight effect’

rates, healthcare costs [8], and the risk of dying from cardiovas-
cular disease and cancer [9, 10].

This phenomenon is extremely common, as up to one-third
of kidney transplant recipients (KTRs) may be non-adherent to
immunosuppressive medications. The rate of non-adherence
may also increase with time post-transplantation. Two studies
reported that every 5 years after transplant, cases of MNA in-
crease by approximately 20% [11, 12]. Despite the crucial impor-
tance of a correct intake of immunosuppressive medications,
there is little guidance on how to identify MNA and promote
therapy adherence [13].

Addressing MNA in routine clinical practice is challenging
because MNA is often ill-defined, the diagnosis is difficult, treat-
ment strategies are not widely available and their efficacy on
clinical outcomes is not always proven.

This review aims at critically assessing the currently avail-
able evidence on MNA diagnosis, risk factors and treatment,
with particular focus on those aspects that may be useful for
the practising physician (Box 1).

DEFINING MNA

Adherence implies that the medication is taken at the pre-
scribed dose and time [14]. MNA can be quantitatively as-
sessed with the percentage of medication intake (taking
adherence) or the percentage of correct inter-dose intervals
(timing adherence). However, strict adherence to prescribed
medications should not necessarily be regarded as an absolute
requirement for every patient [15]. Many patients often practice
various forms of non-adherent behaviours, not all of them carry-
ing the risk of jeopardizing clinical outcomes [15, 16].Most trans-
plant physicians would agree that minor deviations from a pre-
scribed treatment schedule (e.g. occasionally taking tacrolimus
(Tac) 1–3 later than the prescribed time) are acceptable [15]. In
contrast, establishing the degree of non-adherence that impairs
clinical outcomes is not an easy task [15, 17].

A useful distinction is the one between intentional and non-
intentional MNA [18]. Intentional MNA represents a deliberate
refusal to take the recommended medications properly. This at-
titude seems to involve almost 14% of the KTRs [18]. It may take
place shortly after transplantation, or later over the course of
follow-up [19]. Late-onset intentional MNA may follow stress-

ful events. Intentional MNA is almost universally mis-diagnosed
and does not usually respond to the standard treatment strate-
gies.

Non-intentional MNA, which refers to a non-deliberate
attitude to missing the prescribed drugs, can involve up to 62%
of KTRs [18]. Among unintentional MNA,we can distinguish two
further subgroups: the unintentional non-adherent patients
who seek medical advice after having realized they have missed
the dose. They are usually prone to follow healthcare sugges-
tions to improve MNA. This attitude, which can be enhanced
by various factors such as hectic lifestyle, low health literacy,
immigration/ethnical background, is the least dangerous and
the one that may benefit the most from medication reminder
interventions. The other type of unintentional MNA is rep-
resented by initially unintentionally non-adherent patients
whom, however, hide their mistakes. Upon not-experiencing
any evident immediate adverse consequences, they eventually
become intentional non-adherent patients. These patients suf-
fer more commonly from timing rather than dose adherence. A
typical setting is represented by the so-called ‘drug holidays’ [20,
21], an interval of time when a chronically medicated patient
temporarily stops taking the medication. This may happen dur-
ing weekends, vacations or at any unpredictable time [22]. This
category of patients may be easier to treat at earlier stages, but
eventually presents similar problems in identification and treat-
ment as the genuine intentional MNA patients. One relatively
common manifestation of the development of this condition,
which should alert the transplant team, is the frequent missing
of outpatient clinic visits (Box 2).

MEASURING MNA

Every strategy formeasuringMNAhas its own pros and cons and
no approach can be regarded as a gold standard.Herein,we sum-
marize the most common strategies that can be distinguished
between direct and indirect strategies (Table 1).

Direct methods

Direct methods are aimed at directly measuring patient drug
ingestion. Ideally, such methods should be easy, cheap, non-
time-consuming and should not represent an excessive bur-
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Box 2. Patients’ sentences suggestive of intentional and non-intentional MNA

Intentional MNA Non-intentional MNA

After missing clinic visit: ‘Sorry, I forgot to come to the clinic, but I
am very busy for the moment.’

‘Sorry, I realize that yesterday I forgot my medication, what should
I do?’

‘I feel intoxicated with all these drugs.’ ‘I wrongly took twice my medication and now I am worried.’
‘What?? Are you asking me if I am properly taking my
medication? You are offending me!’

‘My wife is out for the weekend and I am not sure about my
medication!’

‘I read that vitamins can counteract the toxic effect of
immunosuppressive medication, can I take them?’

‘Sorry, it’s a hard time, I realize that I started forgetting my pills,
can you help me?’

Table 1. Diagnostic methods to measure MNA; definition, advantages and disadvantages of direct and indirect methods for diagnosis of MNA

Methods Definition Advantages Disadvantages

Direct
Directly observed therapy Sightly supervised drug

administration by healthcare
personnel or caregiver

High reliability Expensive
Time-consuming
Loss of independence

Wireless observed therapy [23] Ingestible sensor system
embedded in pills.

High reliability Expensive
Gastrointestinal discomfort
Skin reaction to ingestion detector

Therapeutic drug monitoring
[15, 27, 24–35]

Investigate the discrepancies
between expected and observed
drug blood levels.

Easily available at every
transplant centre

Not available for every drug
Reflect a short interval of time

Indirect
Pill counts [36] Healthcare personnel, caregivers

and pharmacists can count pill
and monitor drug refills

Inexpensive Patients can hide pills
Requires a single distribution
system
Time-consuming

Electronic monitoring [37–42] Use of microprocessors embedded
in the medication container

Do not assure drug ingestion
Uncomfortable device
Expensive

Self-reported questionnaire [14,
43, 44]

Questions to determine whether
and how often the patients did not
correctly take the prescribed
medication

Easy, inexpensive and can be
done during routine visits

Can underestimate intentional
MNA

den for the patients. Unfortunately, none of the available
strategies fulfils all these requirements. Moreover, despite be-
ing the most efficacious strategies to identify MNA, they may
not always be effective in strongly intentionally non-adherent
patients.

Direct observed therapy consists of a sight view supervised
drug administration by a healthcare personnel or a caregiver.
This strategy, which is cost- and time-consuming, has never
been tested via clinical trials. Moreover, most patients, partic-
ularly the most obstinate intentional non-adherent ones, would
hardly be willing to accept such a close direct supervision.

Recently, wireless observed therapy (WOT) has been pro-
posed to diagnose MNA. WOT is based on an ingestible sensor
system, which is embedded in pills or capsules. Upon encoun-
tering gastric fluid, a signal is released that is recorded by an ad-
hesive personal monitor (APM). This theoretically allows 100%
certainty to be achieved concerning the actual number and tim-
ing of drug intake [23]. A pilot study on 20 stable adult KTRs used
ingestible event marker-enteric coated mycophenolate sodium
(IEM-ECMPS) [23]. This study showed that the detection rate was
99%. After 9 weeks of mean follow-up, patients did not experi-
ence any serious adverse event or acute rejection.However, eight
patients prematurely discontinued treatment due to IEM-ECMPS
gastrointestinal symptoms (n = 2), skin intolerance to APM (n =
2) or insufficient system usability (n = 4). Moreover, rash or ery-

thema due to APM was reported in seven (37%) patients during
the first month of use. Some patients have also reported feel-
ing anxious with this type of constant surveillance [23]. An ad-
ditional limitation ofWOT is represented by its high cost. There-
fore, despite the potential benefit, the applications of WOT may
be limited to specific settings.

The most common method used to directly assess drug in-
take deploys the fact that, over the post-transplant follow-up, ev-
ery solid organ transplant recipient undergoes regular therapeu-
tic drugmonitoring (TDM) of calcineurin inhibitors (cyclosporine
and Tac) and/or of mammalian target of rapamycin (mTOR)-
inhibitors (sirolimus and everolimus). The largest experience
with TDM for assessing MNA comes from Tac. The presence of
MNA is diagnosed based on the discrepancy between expected
and observed Tac blood drug levels. The two main approaches
are based onmeasuring the variability of Tac trough levels [intra-
patient variability (IPV)], most commonly measured as medica-
tion level variability index (MLVI) or standard deviation (Tac SD)
[24–26], coefficient of variation (CV) and on calculating the Tac
dose to concentration ratio [27–29] (Table 2).

IPV is related to clinical outcomes. Among 356 Canadian
KTRs, there was a significant 27% increase in the adjusted
hazard ratio of the composite endpoint of late allograft rejection,
transplant glomerulopathy or total graft loss (including death).
For every 1-unit increase in Tac SD, the hazard ratio increased by
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approximately 30% [30]. A Tac SD > 2 has been associated with
late acute rejectionwithin 190 days in 379 adolescent liver trans-
plant recipients (70% sensitivity and specificity) [25]. In another
study on 297 KTRs, 71% (24/34) of the patients developing graft
failure had high IPV during the first year post-transplantation
[31].

Despite the fact that intentionally non-adherent patients
may increase drug intake (through ‘pulses’) selectively at times
of laboratory testing and clinic visits, they are not generally able
to guess the right timing and dosage to maintain unaltered the
drug trough levels; for this reason IPV can be a useful tool to un-
cover intentional MNA, especially in the context of unplanned
or shortly planned visits [25, 32]. Unfortunately, TDM cannot
be used for all immunosuppressive medications, like steroids
or azathioprine, and it is challenging to use with mycopheno-
late (because of the limitation of TDM) and mTOR-inhibitors
(because of the long half-life).

Tac fluctuations can also be observed in the context of drug-
to-drug [33] and drug–food interactions and acute clinical con-
ditions. However, in settings in which there is no alternative ex-
planation for high IPV, especially in the context of a concomitant
risky behaviour (as judged by clinical assessment, self-reporting
or missed outpatient visit), then high IPV can be regarded as a
valuable surrogate of MNA [15, 25, 34].

Indirect methods

Indirect methods include pill count, electronic monitoring, self-
reporting questionnaire and healthcare-provided inquires. All
these measures, when used individually, have poor sensitiv-
ity. However, in combination with drug monitoring, these ap-
proaches can reach a high sensitivity, although they can be cost-
and time-consuming [35].

In the case of suboptimal drug levels, pill counts can help the
clinician to diagnose MNA [36]. However, in cases of intentional
MNA, this method can be misleading, because the patients de-
liberately hide the missed pills from the caregivers.

Electronic monitoring (EM) is based on the use of expensive
microprocessors, which are embedded in the medication con-
tainer or blister, that record the time and date of medication in-
take [37, 38]. In theory, EM is a highly accurate recorder of pat-
terns of medication intake. However, the event of opening the
vial does not ensure that the patient ingests the medication, es-
pecially in the case of intentional MNA. Some devices can also
be uncomfortable, therefore they may lead to non-usage and to
falsely categorizing patients as non-adherent [14]. EM-assessed
MNA has been used in clinical trials to objectively measure the
response to specific treatment [39–42].

An inexpensive measure of MNA is self-reporting question-
naires. The Basel Assessment Adherence to Immunosuppres-
sive (BAASIS©) Medication scale, which is the most used ques-
tionnaire, includes questions to determine if and how often in
the last month, the patient (1a) missed a dose immunosup-
pressive medication, (1b) missed more than two consecutive
doses, (2) took their medication more than 2 h after the recom-
mended dosing time and (3) changed their dose without their
doctor’s instruction [43]. Such measures of MNA have been as-
sociated with the rate of viral rebound in HIV patients [44].
Although self-reporting can underestimate MNA, it is helpful
as an initial screening and helps identify patients worth more
careful discussion regarding all medication-taking practices
[14, 44].

Donor-specific antibody (DSA) formation has been linked to
MNA [45]. However, this late finding gives fewer opportunities to

invert the immune process.Of note,MNA can induce the appear-
ance of non-DSA anti-HLA antibodies well before the develop-
ment of full-blown anti-HLA DSA and chronic-active antibody-
mediated rejection [46, 47].

INDIVIDUAL RISK FACTORS FOR MNA

The relevance of identifying risk factors in clinical practice is
that they help in preventing MNA. The World Health Organiza-
tion has defined five main risk factor domains: patient-related,
therapy-related, disease-related, and healthcare organizational
and socioeconomic factors (Figure 1).

Risk factors for non-adherence can also be divided into
modifiable and non-modifiable ones [48]. Patients’ physical
characteristics and disease factors are generally considered
unmodifiable, whereas therapy complexities and organization
issues can be modified by interventions. Patients’ beliefs and
psychological factors can be modified as well, but this generally
requires a multicomponent approach. Other risk factors include
time post-transplant, health literacy, sociocultural barriers re-
lated to immigration status and ethnicities, learning and cogni-
tive capacities, medication beliefs, overall patient lifestyle, and
competing priorities. They may also be corrected, provided that
ad hoc interventions are put in place.

Risk factors forMNA can coexist and change over time, there-
fore it is crucially important to continuously monitor these fac-
tors to address them as soon as they arise.

Patient-related factors

MNA in elderly patients is usually unintentional and related to
factors such as forgetfulness, complexmedication regimen, side
effects and need for caregivers. In contrast, MNA in adolescents
and young adults is related to lifestyle disruptions and progres-
sive empowerment over caregivers to assuming responsibility
for self-management [49, 50]. Overall, it has been estimated that
the prevalence of MNA in adolescents and young adults is about
32% and that it accounts for 44% of all graft losses and 23% of
late acute rejection episodes in this setting [43, 51, 52].

Therapy-related factors

Therapy-related factors include the number and complexity of
daily medications [53], the frequent changes in dosages and
drug-related side effects [54]. Identifying specific lifestyle factors
that causeMNAmay sometimes provide an easy way to improve
medical adherence; for instance, by tailoring the timing of drug
administration to the patient’s working hours or to the timing of
leisure activities.

Disease-related factors

Disease-related factors can be related to the history of chronic
medications and the dialysis vintage. For instance, depression or
cognitive impairment due to cerebrovascular disease have been
linked to poor adherence in KTRs [12].

Healthcare organizational factors

The poor healthcare organization, non-private medical insur-
ance in the USA, distance and time factors can affect MNA.
Long distances from the place where patients get medications
can greatly affect drug adherence. Limited time allotted by
the healthcare personnel to provide patients with adequate
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FIGURE 1: Interplay between the five different domains concerning individual risk factors for medical non adherence.

information at the time of hospital discharge, or absence ofmed-
ical staff in the outpatient clinic for consultation after forgetting
drug intake, all negatively impact MNA [55].

Socioeconomic and cultural factors

Socioeconomic and cultural determinants of MNA are factors
such as belonging to culturalminorities with poor social integra-
tion, low socioeconomic status and lack of insurance coverage
[56–58]. Constantiner et al., who analysed the adherence of 312
KTRs in New York City through a self-reporting questionnaire,
found that younger age and lower income were significantly
associated with reported MNA [56]. A recent European study
found that, compared with EU-born KTRs, non-EU-born KTRs
had a hazard ratio of graft failure beyond 1 year of 1.36, probably
related to barriers to adherence related to recent immigration
background [58].

GENERAL INTERVENTIONS FOR MNA
PREVENTION AND TREATMENT

Despite the critical impact of MNA on graft survival, there are
still limited interventions that comprehensively address MNA
in KTRs and that have been tested in clinical trials.

Unfortunately, the randomized control trials (RCTs) per-
formed so far on intervention strategies showed some efficacy in
reducing measured MNA, but none of them was designed or be
able to show any benefit on clinical outcomes [16, 59–63]. One of
the additional explanations of this lack of effect on clinical out-
comes could be the ‘streetlight effect’ in which biases in popula-
tion and endpoint selection could drive misleading conclusions
[63]. In fact, since non-adherent patients are less likely to ac-
cept being enrolled in monitoring and intervention trials, most
of these studies probably included adherent or partially adher-
ent patients. This might have prevented the trials from detect-

ing the true effect of the intervention on MNA patients. More-
over, because the MNA measurements are often considered as
primary endpoints, many trials have concluded that the inter-
vention was effective, despite the lack of relevant improvement
in clinical outcomes [63].

Clinical pharmacist care

Clinical pharmacists may be involved in MNA monitoring by
overseeing the direct medication distribution and providing
counselling [64–66]. One RCT reported that pharmacist care
strategies increased measured medication adherence (mean
compliance rate 95 versus 82% for intervention and controls, re-
spectively, P < 0.001), but this had no impact on self-reported
medication adherence and on graft outcomes [65]. Another RCT
on 128 KTRs found no difference in Tac CV (31.4 versus 32.5%)
or in questionnaire-based adherence rate (27% versus 25%). The
main limitation of implementing pharmacist care is represented
by the inaccuracy of the estimated discrepancy (i.e. the measure
of MNA) between the medication collection and the actual in-
take. Moreover, not all patients are centralized to a single phar-
macist facility. Therefore, it may be logistically challenging to
track prescription refill for all KTRs [15].

Medication reminder interventions

These interventions aim at reminding the unintentionally non-
adherent patients to assume their medication at the cor-
rect dose and timing, using electronic medication dispensers,
freely available smartphone settings and Apps. Reese et al.
randomized 120 KTRs to EM with customized reminders, EM
with customized reminders plus provider notification or EM
alone (control). Despite a significantly increased customized-
EM-based adherence at 180-day assessment (78, 88 and 55%,
respectively), no difference was detected in mean Tac levels
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[67]. Another RCT, which randomized 80 KTRs to EM monitor-
ing plus electronic and healthcare reminder versus standard of
care, found that the intervention group had a high EM-based
compliance rate (98%). However, the compliance rate in con-
trols was not reported. Moreover, the study found no difference
in mean Tac level between the intervention and control group
(approximately 7ng/L in both groups). Of note, 6 of the 40 par-
ticipants in the intervention group withdrew from the study
prematurely, mainly due to excessive stress or feeling of being
controlled. One participant died 6 months after inclusion be-
cause of a serious infection [68], this serious adverse event being
apparently not related to the intervention.

Electronic reminders have been largely replaced by phone
alarms and various Apps on patients’ smartphones [69]. A
single-centre RCT investigated the effect of using a free mobile
application on Tac IPV. The authors found a marginally, albeit
statistically significant, lower Tac CV at 1 month (28 versus 37%).
However, the difference vanished at the 3-month assessment
[70].

Remote monitoring and telemedicine

One RCT analysed the impact of telemedicine versus standard
of care in 46 living-donor KTRs. The intervention arm included
both chronicmanagement process and acute-care situation sup-
port. The authors found a significantly lower questionnaire-
based adherence rate (17% in the telemedicinemonitoring group
versus 56% in the control group). The effect persisted for up
to 12 months after the end of the intervention. The authors
also reported a lower incidence of hospital re-admission and
shorter length of stay (median re-admission 0 versus 2; median
length of stay 6 versus 13 days). It is unclear whether this re-
sulted from the intervention itself or rather the fact that pa-
tients in the intervention groups received more intensive and
close follow-up compared with the control group [60]. The prac-
tice of telemedicine has received a substantial boost from the
coronavirus disease 2019 (COVID-19) epidemic [71]. Moreover, it
has been reported that the COVID-19 epidemic and the related
logistical problems have increased the rejection rates [72]. One
recent trial including paediatric lung transplant recipients found
a reduction in the Tac IPV at 6 months in 10 patients undergoing
3-weekly phone calls and regular follow-up calls (Tac SD −1.84;
95% CI: −2.95, −0.74; P = 0.004) compared with 7 controls un-
dergoing only regular follow-up calls (Tac SD 0.59; 95% CI: −1.42,
2.60; P = 0.46) [73]. Telemedicine may be integrated with home-
based dried blood spots (DBS) sampling of Tac for the purpose
of therapeutic drug monitoring [74, 75]. The use of remote mon-
itoring and telemedicine can improve patient quality of life and
independence [60], limiting the patients’ psychological distress,
but its role in everyday clinical practice needs further validation.
In our own experience during the COVID-19 pandemic, there are
some patients who strongly prefer undergoing regular outpa-
tient clinical visits rather than relying on telemedicine visits.

Therapy simplification

Studies consistently showed that medication complexity is
an obstacle to medication adherence [76, 77]. Thus, regimens
should be kept as simple as possible and they should be adapted
to the patient’s habits and lifestyle [76].Over the last decade, sev-
eral strategies to improve MNA have been focussed on therapy
simplification.

Four single-arm cross over pre–post comparison studies
and one RCT showed higher adherence after pill burden re-

duction, through switch to once-daily Tac alone [53, 78] or in
combination with a full once-daily therapy [79]. Overall, these
cross-over studies showed a net improvement in 10–20% of
the patients. However, all these studies lack a control group.
The only published RCT analysed the effect of once-daily Tac
switching, based on electronic-monitored MNA. 219 KTRs were
included and randomized 2:1 to once-daily (n = 145) and twice-
daily Tac (n = 74) and then followed for 6 months after random-
ization. Medication adherence increased by 10% in the once-
daily group compared with the twice-daily group (88% versus
79%) [80]. The relatively small effect of once-daily Tac in improv-
ing MNA is not unexpected, because this strategy also has its
own pitfalls [81]. For instance, while young patients with an ac-
tive life can benefit from a once-daily regimen, patients doing
day and night shifts or elderly patients living a drug-paced life
could bemore comfortable with twice-daily regimens.Moreover,
adherence becomes even more critical in once-daily regimens,
when missing one dose has more serious consequences as op-
posed to cases of regular formulations [82]. In the study fromWu
et al., the highest coefficient of variation before switching was
associated with a higher risk of reduced Tac levels after conver-
sion (area under the receiver operating characteristic curve 0.84,
sensitivity 68.3%, specificity 92%) [53].

Therapy simplification has largely experimented with Tac
monotherapy. In fact, some drugs such as mycophenolate and
everolimus require b.i.d. administration. Even in the case of
calcineurin-free regimens, such as those based on the costimu-
latory drug blocker belatacept, which requires i.v. monthly ad-
ministration, patients receive concomitant administration of
b.i.d.mycophenolate or everolimus [83]. However, due to its long
half-life, everolimus could be theoretically administered once
daily, as suggested by a small recent RCT [84].

Patients should be aware that medication regimens can be
personalized to meet their needs, but they should also be aware
of the pros and cons of each option. Tailored therapies seem to
be particularly helpful for the empowerment of patients, to re-
duce the feeling of overmedicalization and to lower the risk of
MNA, whereas they seem to be less impactful and even harmful
in the case of intentional MNA. We recommend that individual
habits and lifestyle hurdles to medical adherence should be dis-
cussed with the patients and drug treatment schedules should
be the result of a shared decision-making process.

Educational-behavioural intervention

The information-motivation-behavioural skills model (‘IMB
skills model’) is a validated theoretical framework that includes
three essential factors to engage and maintain a health be-
haviour: information, motivation and behavioural skills. The
interventions provide psychoeducation, address barriers, fos-
ter motivation and discuss cultural messages on adherence be-
haviour. They also include electronic reminders and meetings
with ‘coaches’. These approaches have been effective in promot-
ingmedication adherence in other chronic diseases, such as HIV
infection [39–42], and may help preventing intentional MNA in
transplant recipients.

Most studies performed in transplanted patients used an
RCT design and examined multicomponent interventions [85]
delivered by healthcare professionals across multiple face-to-
face and/or telephone sessions [59, 62, 85–90]. Four studies ran-
domized the whole population of KTRs [59, 85, 88, 90], while four
other RCTs included only non-adherent KTRs on the basis of an
EM survey [62, 86, 87, 89] (Table 3).
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Two small RCTs found no difference in EM-based adher-
ence between educational-behavioural intervention and control
group [86, 90], while the other six RCTs proved that intervention
significantly reduces MNA, but this effect generally vanished
thereafter [59, 62, 85, 87–89]. Among these six RCTs, four of them
investigated the clinical outcomes [59, 62, 85, 88], with two stud-
ies finding no difference in graft survival between groups [59, 88],
one study finding a negative impact on 10-year death-censored
graft survival in the intervention group [85] and the last RCT
(SystemCHANGE [62]) showing a positive numerical trend, de-
spite not statistically significant, on graft function at 12 months
[62]. Interestingly, there was also a numerical trend toward an
increased infection risk in the intervention groups, which needs
to be further addressed in future RCT andmeta-analyses. A pos-
sible explanation for this outcome is that increased adherence to
antirejection drugs may result in a higher risk of overimmuno-
suppression.

In summary, educational-behavioural interventions are ef-
fective strategies in improving MNA, at least in the short term.
Unfortunately, the extent of the long-term benefit is uncer-
tain. Moreover, they are expensive, time-consuming and their
widespread implementation may be hard to achieve in several
clinical settings.

CONCLUSIONS

MNA is one of the leading causes of patient and graft loss af-
ter kidney transplantation. Unfortunately, there is no evidence
to date that any single strategy for treating MNA improves
the two major clinical outcomes, namely, patient death and
death-censored graft failure. Therefore, every effort should be
made to identify individual risk factors for MNA and to dis-
cuss with patients what are the major hurdles to adherence to
the prescribed treatment schedule. Then, the plan to improve
medical adherence should be personalized to the peculiar is-
sues raised in the individual patient. While unintentional non-
adherent patients can benefit from various personalized and
multi-disciplinary interventions such as electronic reminders
and phone Apps and therapy simplification, intentional MNA re-
mains an Achille’s heel of any transplant centre. To preventing
KTRs from becoming intentional MNA patients, constant mon-
itoring via motivational-behavioural interventions may repre-
sent the only viable resource.
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