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Introduction

Solid organ transplantation (Tx) is a chronic illness, in

which transplant patients are bound to life-long medical

follow-up and drug treatment. According to the World

Health Organization (WHO), adherence is defined as ‘the

extent to which a person’s behavior corresponds with the

agreed recommendations from a healthcare provider’ [1].

In contrast to the concept ‘compliance’, the term adher-

ence particularly stresses the importance of establishing a

partnership with the patient if a healthcare professional

wants to be successful in guaranteeing correct medication

intake. Although adherence to drug treatment is crucial

to prevent rejection, graft loss and additional morbidity, a

substantial proportion of Tx recipients are nonadherent

(NA) to their immunosuppressive regimen. NA for differ-

ent adult Tx populations ranges from 20 to 37% [2–5].

In a recent meta-analysis, Dew et al. [5] found medica-

tion NA across all organ transplants to be 22.6 cases per

100 patient years (PPY). Evidence shows the detrimental

effects of NA to immunosuppressive drugs on economic

and short- and long-term clinical outcomes. Systematic

reviews demonstrated that an estimated 50% (range

20–73%) of late acute rejections and 15% (range 3–35%)

of graft losses are associated with NA [2,3,6]. Minor devi-

ations from prescribed dosing and timing of drug admin-

istration are sufficient to increase the risk for poor

outcomes [7,8].

It is clear from the above-mentioned evidence that

adherence-enhancing interventions as part of state-of-the
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Summary

Reports of interventions to improve adherence to medical regimens in solid

organ transplant recipients are scarce. A systematic review identified 12

intervention studies. These studies focused on renal, heart, and liver transplant

recipients. Five reports used randomized controlled trial (RCT) designs. Sample

sizes varied between 18 and 110 subjects. The interventions are difficult to evalu-

ate and categorize because of brief descriptions of intervention details. Of the 12

studies identified in this review, only five studies found a statistically significant

improvement in at least one medication-adherence outcome with the

intervention. In general, most included a combination of patient-focused cogni-

tive/educational, counseling/behavioral, and psychologic/affective dimensions.

Eight studies intervened at the healthcare provider, healthcare setting or health-

care system level, but showed a limited improvement in adherence. No single

intervention proved to be superior at increasing medication-adherence in organ

transplantation, but a combination of interventions in a team approach for the

chronic disease management of organ transplant patients may be effective in a

long-term perspective. In conclusion, finding the most effective combination of

interventions to enhance adherence is vital. Utilizing an RCT design and adhering

to the CONSORT guidelines can lead to higher quality studies and possibly more

effective intervention studies to enhance medication-adherence.
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art clinical management to improve outcomes should

gain momentum in Tx [9,10]. Yet, major review papers

[11] have neglected to mention the behavioral aspects in

their discussion on how to improve post-Tx clinical out-

comes. A systematic review is urgently needed to evaluate

the types of interventions that are most effective in

improving the adherence with the immunosuppressive

regimen.

The purpose of this systematic literature review on the

efficacy of adherence-enhancing interventions in adult

and pediatric Tx patients is to provide a critical appraisal

of the literature by (i) evaluating the methodologic qual-

ity of the studies and (ii) describing the content of the

interventions. Directions for future research will be pro-

vided.

Materials and methods

An Ovid Database search of CINAHL, MEDLINE, Psyc-

INFO and all Evidence-Based Medicine Reviews (Coch-

rane DSR, ACP Journal Club, DARE, CCTR) was

conducted to identify studies (until August 2008) that

tested the efficacy of interventions to improve adherence

to the immunosuppressive regimen in Tx patients.

Combinations of the terms ‘transplant*’, ‘intervention’,

‘complian*’, ‘noncomplian*’, ‘non-complian*’, ‘adheren*’,

‘nonadheren*’, ‘non-adheren*’, ‘concordance’, ‘non-

concordance’, ‘education’, ‘self medication’, ‘self efficacy’,

‘behaviour’, ‘behavior*’, ‘social support’, ‘electronic moni-

toring’, ‘drugs’ and ‘medication’ were used. A thorough

search was done by two independent researchers (LDB,

MM). No limits were set on the search. Study inclusion

criteria were: testing an intervention aimed at enhancing

immunosuppressive medication-adherence in organ Tx,

including a measurable medication-adherence outcome.

Abstracts [12,13] were also eligible to be included. The

literature search resulted in 36 relevant publications in

Medline. Repeating the search in the other databases did

not reveal additional publications. After carefully reading

the abstract and/or full text, most articles did not have a

content referring to an adherence-enhancing intervention

in Tx or were only describing medication-enhancing

interventions without reporting results of an intervention

study. Nine publications [9,12–19] were retrieved from

the literature. Reviewing the reference list of the identified

articles resulted in three additional articles [20–22],

resulting in an overall availability of a total of 12 studies

for further methodologic and content analysis (Table 1).

Data extraction

The following information was abstracted from the studies:

author, year, purpose, sample, setting, design, study period,

intervention/control or usual care, intervention dose, mea-

surement method and definition of adherence (Table 1)

and study period, intervention/control or usual care, inter-

vention dose, dimension of intervention (educational/cog-

nitive, counseling/behavioral, psychologic/affective), level

of intervention (patient, micro, meso, macro), whether the

intervention was multi-level, and results (Table 2).

Data extraction definitions

When extracting the information, the authors used fol-

lowing definitions to classify interventions at the patient

level:

1 Educational/cognitive interventions conveyed informa-

tion or knowledge, individually or in a group setting, and

delivered verbally, in written, and/or audio-visually [7,8].

2 Counseling/behavioral interventions targeted, shaped,

and/or reinforced behavior, empowered patients to partic-

ipate in their care, positively changed a patient’s skill level

or normal routine [3,7,8].

3 Psychologic/affective interventions appealed to the feel-

ings and emotions or social relationships and social sup-

ports of the patient [8,9]; mixed interventions involved a

combination of the above-mentioned intervention types.

The following definitions, based upon the ecologic

model of McLeroy et al. [23], were used to classify data

at the level of intervention:

1 Patient level interventions were targeted at the patient

only, and include the categories of interventions discussed

above (i.e. educational/cognitive; counseling/behavior and

psychologic/affective interventions).

2 Interventions at the micro level or interpersonal level

referred to strategies focused on the patient-provider

interactions such as the perceived quality of the patient

provider relationship, and communication style [24–26].

3 Interventions at the meso level related to characteristics

of the treatment center or hospital [24,27] such as the

provision of continuity of care, or the skill mix of teams

[28,29].

4 Interventions at the macro level referred to interventions

focusing on the healthcare system or on the society in

which a patient lives [25], such as health insurance cover-

age and out of pocket expense for medications; and

finally, combination of different level interventions referred

to interventions that incorporated more than one of the

previously mentioned levels [24–26].

Two of the authors extracted data to ensure validity of

data extraction.

Scoring methodologic quality

The quality of all retrieved articles was checked, using a

list of quality appraisal questions [30] (Table 3). Six
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questions on evaluating the clarity of the research ques-

tions, sampling methods, description of the nonresponse,

reported definitions, measurements, statistical analysis

and presentation of results were asked to evaluate the

quality of the investigated research. Each of the appraisal

questions were scored on a scale from 0 (=very poor) to

4 (=excellent), except question one, which had a score

between 1 (=retrospective study) and 3 (=prospective

study). The scores can be summarized into ‘Weak’ (i.e.

score 0–9), ‘Moderate’ (i.e. score 10–16) or ‘Strong’ (i.e.

score 17–23). Besides, the CONSORT criteria were used

to specifically evaluate methodologic quality of the ran-

domized controlled trial (RCT) studies (Table 4). These

22 criteria allow uniform assessment of RCT quality by

providing a checklist of key factors that should be present

in the highest quality RCTs. These factors include: title

and abstract (one item), introduction (one item), meth-

ods (10 items), results (seven items), and discussion

(three items). One point was assigned to each item if it

was present with a possible range of scores from 0 to 22.

All authors came to consensus on the final article scores.

Results

A total of 12 articles were included in the review (see

Table 1). Seven reports [9,13–15,17,20,21] focused on

renal Tx patients, three [12,18,19] on liver Tx and two

[16,22] on heart/heart-lung Tx patients. Four studies

focused on pediatric patients [18–21]. The sample size

ranged from 18 [9,14] to 110 [13] subjects though small

sample sizes were the norm. One study addressed sample

size, clearly identifying the study as a pilot intervening in

Table 3. Summary score of appraisal questions (Forbes, 2002).

Author, year

Annunziato,

2008

Beck,

1980

Chisholm,

2000

Chisholm,

2001

Dejean,

2004

De Geest,

2006

Dew,

2004

Fennell,

1994

Hardstaff,

2003

Klein,

2006

Shemesh,

2008

Traiger,

1997

1. Was the study

prospective or

retrospective?

(1 = retrospective

study; 3 =

prospective study)

3 3 3 3 3 3 3 3 3 3 3 3

2. Were the outcome

measures appropriate

and clearly linked

to the intervention?

3 2 4 4 2 4 2 4 3 3 3 1

3. What method was

used for the study?

(Grade methods 1–4,

1 = expert opinion,

4 = RCT)

2 1 2 4 4 4 2 3 4 4 2 3

4. Were the methods

adequately described

and appropriate,

following EPOC

guidelines?

2 2 2 3 1 3 2 2 3 1 2 1

5. How strong was

the impact of the

intervention on the

identified outcomes?

3 1 2 3 3 2 1 1 2 2 2 1

6. How accurate/precise

was the measure

of impact (P-values

and CI)?

3 2 2 4 3 3 3 2 1 2 3 0

Summary Score

W = Weak (score 0–9)

M = Moderate

(score 10–16)

S = Strong

(score 17–23)

M M M S M S M M M M M W

EPOC, Cochrane Effective Practice and Organisation of Care Group, http://www.epoc.cochrane.org/Files/Website%20files/Documents/Reviewer

%20Resources/datacollectionchecklist.pdf
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Table 4. Scoring of RCT studies using the CONSORT guidelines.

Paper section

& topic Descriptor

Chisholm

2001

De Geest

2006

Klein

2001

Dejean

2004

Hardstaff

2003

1 Title & abstract How participants were allocated to interventions

(e.g. random allocation, randomized or

randomly assigned)

1 1 1 1 1

Introduction

2 Background Scientific background and explanation of rationale 1 1 1 0 1

Methods

3 Participants Eligibility criteria for participants and the settings and

locations where the data were collected

1 1 0 0.5 0

4 Interventions Precise details of the interventions intended for each group

and how and when they where actually administered

0 1 0 0 0

5 Objectives Specific objectives and hypotheses 0.5 1 0 0 0

6 Outcomes Clearly defined primary and secondary outcome measures

and, when applicable, any methods used to enhance the

quality of measurements (e.g. Multiple observations,

training of assessors)

0.5 1 0 0 0

7 Sample Size How sample size was determined and, when applicable,

explanation of any interim analyses and stopping rules

0 1 0 0 0

Randomization

8 Sequence

generation

Method used to generate the random allocation

sequence, including details of any restriction

(e.g. blocking,

stratification)

0 1 0 0 0

9 Allocation

concealment

Method used to implement the random allocation

sequence (e.g. Numbered containers or central

telephone), clarifying whether the sequence

was concealed until interventions were assigned

0 0 0 0 0

10 Implementation Who generated the allocation sequence, who enrolled

participants, and who assigned participants to

their groups

0 0 0 0 0

11 Blinding

(masking)

Whether or not participants, those administrating the

interventions, and those assessing the outcomes

were blinded to group assignment. If done, how the

success of blinding was evaluated

0 0 0 0 0

12 Statistical

methods

Statistical methods used to compare groups for

primary outcome(s); methods for additional analyses,

such as subgroup analyses and adjusted analyses.

1 1 1 1 0

Results

13 Participant

flow

Flow of participants through each stage (a diagram

is strongly recommended). Specifically, for each

group report the numbers of participants

randomly assigned, receiving intended treatment,

completing the study protocol, and analyzed for the

primary outcome. Describe protocol deviations from

study as planned, together with reasons.

0 1 0 0 1

14 Recruitment Dates defining the periods of recruitment

and follow-up.

0.5 1 0.5 0.5 0

15 Baseline data Baseline demographic and clinical characteristics

of each group.

1 1 0 0.5 0

16 Numbers

analyzed

Number of participants (denominator) in each

group included in each analysis and whether the

analysis was by intention to treat. State the

results in absolute numbers when feasible

(e.g. 10/20, not 50%)

0.5 1 0.5 0.5 0
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NA patients only [9]. There were four studies from Eur-

ope [9,12,13,17], the remaining from the United States.

Five (42%) studies used an RCT design [9,12,13,15,17],

Three authors used an quasi-experimental design

[22,28,29], and four [14,18–20] had a pre-experimental

design and did not use a control group.

Most authors used pill count [14,15,20,21] and blood

concentration of immunosuppressive medications

[12,14,15,21] while only three publications [9,12,17] used

electronic monitoring (EM) to assess NA. When multiple

measurement methods were used, the prevalence resulting

from these methods was not always reported. Moreover,

various operational definitions of NA were used. In two

studies [14,15], for instance, the patient was labeled as

nonadherent when less than 80% of the prescribed medi-

cation was taken. In the study of Hardstaff et al. [17]

both the missed or extra doses were considered as nonad-

herent. In the study of De Geest et al. [9] patients were

NA if patient had less than 98% taking adherence and/or

one or more drug holidays during a 3-month time per-

iod.

Using the list of quality appraisal questions [30]

(Table 3), one study [22] was classified as ‘Weak’, nine

studies were classified as ‘Moderate’ [12–14,16–21] and

two studies [2,15] had been categorized as ‘Strong’.

Results of the CONSORT scoring for the five RCT studies

are presented in Table 4. CONSORT scores ranged from

3 [17] to 18 [9], with a median score of 6.5. De Geest’s

et al. study received the highest quality study score of 18.

The most important shortcomings were found in the

methods section, specifically on allocation concealment,

implementation, and blinding, with none of the studies

including these aspects. The results section was described

sufficiently in most studies.

Content of the intervention

Interventions were implemented for varied lengths of

time, e.g. from 5 days to 12 months [12,15,17], and in

varied locations, e.g. in-hospital [22], clinic [13,15,17],

home [9], or in-hospital and clinic [12]. One intervention

was delivered over the internet [16]. Interventionists

included clinical pharmacists [12,15,20], clinical nurse

specialists [9,22], a nurse practitioner [17], or an entire

Tx team [13]. Only De Geest et al. [9] and Traiger and

Bui [22] identified a theoretical framework, with both

using Bandura’s Social Cognitive Theory. Proposed inter-

ventions referred to education [13,15,18,20,21], internet-

based interventions [16], financial support programs for

drugs [14], EM feedback [9,12,17], a self-medication

administration program as part of discharge planning

[22] and a clinical program to improve medication-

adherence [22]. All reports except two [14,17] used a

mixed approach focusing on at least two of the three

dimensions (educational/cognitive, counseling/behavioral

and psychologic/affective).

Table 4. continued

Paper section

& topic Descriptor

Chisholm

2001

De Geest

2006

Klein

2001

Dejean

2004

Hardstaff

2003

17 Outcomes

and estimation

For each primary and secondary outcome,

a summary of results for each group, and

the estimated effect size and its precision

(e.g. 95% confidence interval)

0.5 1 0.5 0.5 0

18 Ancillary

analyses

Address multiplicity by reporting any other

analyses performed, including subgroup

analyses and adjusted analyses, indicating

those prespecified and those exploratory.

1 1 0 1 0

19 Adverse

events

All important adverse events of side-effects

in each intervention group

0 0 0 0 0

Discussion

20 Interpretation Interpretation of the results, taking into

account study hypotheses, sources of

potential bias or imprecision and the dangers

associated with multiplicity of analyses

and outcomes

0 1 0 1 0

21 Generalizability Generalizability (external validity) of the trial

findings

1 1 0 0 0

22 Overall evidence General interpretation of the results in the

context of current evidence

1 1 1 0 0

Total score 10.5 18 5.5 6.5 3
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Studies with a focus on educational/cognitive interventions

Three studies focused on education/cognitive interven-

tion strategies [13,18,20]. Samples varied between the

studies. Beck et al. [20] and Annunziato et al. [18]

assessed 21 and 23 pediatric patients respectively, while

Dejean et al. [13] recruited 110 adult patients. Beck’s

6-month intervention consisted of education and coun-

seling by a pharmacist and physician, who provided

written reinforcement using calendars, schedules and

pamphlets. Annunziato et al. [18] organized one-to-two

sessions giving information concerning the disease and

three-to-four sessions concerning the transition to adult

healthcare. Dejean et al. [13] utilized an intensive educa-

tional program provided by a multi-disciplinary team,

consisting of eight sessions lasting 3 h each. Medication-

adherence outcomes were measured differently, Beck

et al. [20] measured medication-adherence using pill

counts at the end of the 6-month intervention. Annunz-

iato et al. [18] used immunosuppressive blood levels,

alanine aminotransferase (ALT) levels, and self-report.

Dejean et al. [13] measured medication-adherence with a

self-report questionnaire administered before, during and

3 months postintervention. Beck et al. found that knowl-

edge of medications significantly improved (P < 0.001),

but no statistically significant impact on medication-

adherence was found. In the study of Annunziato et al.

[18] there was a statistically significant decrease in the

tacrolimus blood level standard deviation (P = 0.04) and

the mean ALT level (P = 0.01). Study by Dejean et al.

[13] resulted in a statistically significant improvement in

medication-adherence (P < 0.02) and this improvement

further increased at the 3-month postintervention evalu-

ation (P < 0.006).

Studies with a focus on behavioral interventions

One study focused on behavioral/counseling interventions

[17]. Hardstaff et al. used an RCT design with 48 renal

Tx patients to examine the effect on medication-adher-

ence of an intervention involving a nurse practitioner

reviewing EM of medication record with the patient dur-

ing the first clinic visit. The time until feedback was

inconsistent, ranging from 2 to 6 months. Only descrip-

tive statistics were presented with 26% in the intervention

group improving, 39% worsening, and 8% showing no

difference. Twenty percent of the control group

improved, 40% worsened, and 40% showed no difference.

Studies with a focus on psychologic/affective interventions

No studies used a psychologic/affective intervention

alone.

Studies with mixed interventions

Five studies [9,15,16,19,21] had adopted a combination

of educational/cognitive, counseling/behavioral, and

affective/psychologic interventions. De Geest et al. stud-

ied the effect of increasing self-efficacy to enhance medi-

cation-adherence [9]. Her intervention included a home

visit and three follow-up phone interviews in NA renal

Tx patients. Intervention by Fennell et al. [21] involved

the entire family. The intervention included an educa-

tional booklet, videotape on adherence, medication cal-

endar, and weekly rewards from parents for adherent

behavior. Shemesh et al. [19] implemented regimented,

individually tailored clinical schedules for NA pediatric

liver Tx patients. Dew et al. studied a web-based support

program for heart Tx patients and their families, which

[16] offered discussion groups and information and elec-

tronic communication with Tx staff. The entire health-

care team participated, and the duration of the

intervention was 4 months.

One study using mixed interventions reported a statis-

tically significant improvement in medication-adherence

[12,15,19]. Shemesh et al. found that immunosuppressive

levels decreased significantly (P = 0.16) and high ALTs

decreased by 50% postintervention (P = 0.01). The

remaining studies documented other important results.

Fennell et al. concluded that by month 3, transplant

recipients in the experimental group (P = 0.05) were

more knowledgeable about Tx than those in the con-

trols. Adherence in the experimental group improved on

average 67% with azathioprine and 56% for prednisone,

while the control group noted only 33% and 35%

improvement respectively [21]. The authors also dis-

cussed whether the intervention affected the parents’

behavior as well as the child’s behavior, thereby increas-

ing adherence.

De Geest et al. found in both groups that the NA

rate showed the greatest decrease after 3 months

(P = 0.06), with the intervention group having the

greatest decrease in NA (P = 0.31); however, both

groups reached comparable levels at the end of the

6-month follow-up [9]. This study is the first to test

an intervention in NA patients and in doing so found

that just by being in the study, adherence improved.

Dew et al. concluded that although adherence did not

change (P > 0.05), there were small subgroup differ-

ences within the intervention group, depending on the

internet ‘dose’ received [16]. However, psychologic

factors (depression and anxiety symptoms, caregivers

anxiety and hostility symptoms) did significantly

improve (P = 0.05) and the quality of life indicators

improved as well [16].
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Multilevel interventions

Eight studies intervened on other levels of the healthcare

system in addition to the patient-level approaches dis-

cussed above [12–16,19,20,22].

Micro level

In the study of Beck et al. [20], parents were actively

involved in improving the medication-adherence of their

children. In this study, it was concluded that children that

were not accompanied by their parents, were less adher-

ent (P < 0.007).

Meso level

Traiger and Bui [22], Dejean et al. [13], Dew et al. [16]

and Shemesh et al. [19] implemented meso-level interven-

tions. Dejean et al. organized multidisciplinary information

sessions; Shemesh et al. implemented a ‘clinical program’

in the hospital; Traiger et al. introduced a Self Medication

Administration Program (SMAP) administered during

hospitalization and at discharge from the hospital post-Tx

[22], but the program also targeted self-efficacy, which is a

patient-level intervention. Their intervention educated the

patient about medications and dietary restrictions and

involved practice filling medication planners and taking the

medications independently and accurately before discharge

[22]. Traiger et al. concluded that the SMAP did not result

in increased adherence. According to self-report surveys,

22% indicated that they sometimes forgot to take their

medication versus 15% in the control group. The SMAP

group did have higher self-efficacy, but poorer adherence

(neither one statistically significant) [22]. Intervention by

Dejean et al. [13] resulted in a significant increase of adher-

ence in the intervention group: 69.1% vs. 45.5% in the con-

trol group (P = 0.02). In addition, 3 months after the

education sessions, adherence remained improved (74.5%

IG vs. 47.3% CG, P = 0.006). In the study of Shemesh et al.

[19], postintervention, median ALT decreased to 16%

(P = 0.5) and biopsy-proven rejection episodes decreased

(P = 0.08).

Klein et al.’s [12] study may have involved a meso-level

intervention, though assessment is difficult because of

lack of intervention detail in the report. The monthly

intervention included a pharmaceutical care program

initiated prior to hospital discharge. The authors con-

cluded that adherence in the intervention group was sta-

tistically significant (P = 0.015) and that significantly

more intervention patients had target immunosuppressant

blood levels (92% vs. 78%) than the control group [31].

Macro level

Chisholm et al. [14], using a cohort design with adult

renal Tx patients, studied the effect of 1 year of free

immunusuppressants and concluded that Tx patients were

generally adherent until the 10th month. Afterwards, they

became NA even with free medications. Ninety-five per-

cent of patients were adherent 6 months post-Tx while

only 48% were adherent at 12 months. The authors

concluded that cost does not appear to influence adher-

ence and they recommend an intensive effort to increase

adherence before the ninth month post-Tx.

Discussion

The high prevalence of NA to the immunosuppressive

regimen and its associated poor clinical and economic

outcomes necessitate the development of effective adher-

ence-enhancing interventions as a powerful pathway to

improve post-Tx outcomes. This systematic review, how-

ever, revealed that limited intervention research exists in

the Tx literature, and that the majority of 12 existing

studies showed major shortcomings, related to the meth-

odology and the content of the interventions used.

Methodologic weaknesses of included studies

First, the quality of articles using a list of quality appraisal

questions [30] (Table 2) varied from ‘Weak’ [22] to

‘Moderate’ [12–14,16–21] and only two studies [2,15]

had been categorized as ‘Strong’. Besides, only five out of

the 12 studies used an RCT [9,12,13,15,17] and most of

these studies did not provide sufficient study report detail

to adequately replicate the study or judge study quality.

Two of the RCTs scored were published abstracts [12,13],

and scoring was based on the published information only.

No manuscripts have been published from these abstracts

to date to clarify any missing CONSORT information.

The average CONSORT score was 8.7, with the study of

De Geest et al. [9] having the highest quality score. If this

score had been excluded, the average score of the remain-

ing studies would have only been 6.4. This lack of study

detail has been a concern in the intervention literature in

general [32].

Second, diverse operational definitions of NA were

used. The WHO definition of adherence underscores a

partnership between the patient and the provider, but

does not provide a description on how much adherence

is enough to prevent poor clinical outcomes. The absence

of a taxonomy resulted in much confusion, resulting in

most authors using arbitrary cut-offs or percentages to

classify patients into an adherence or nonadherence group

[33]. In our review, for instance, two studies [14,15]

labeled patients as nonadherence when less than 80% of

the prescribed medication was taken. In the study of

Hardstaff et al. [17] both missed or extra doses were con-

sidered as NA. Satisfactory adherence is only achieved
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when the gaps between the recipients dosing history and

the prescribed dosing regimen have no effect on thera-

peutic outcome. In other words, future studies investigat-

ing NA in Tx would benefit from a clear operational

definition, identifying the cut-off point below which poor

clinical outcomes such as late acute rejections or graft loss

occur. To our knowledge, only two studies specifically

looked at clinically meaningful cut-offs, both showing

that minor deviations from the prescribed immunosup-

pressive regimen (i.e. taking <98% of the drugs) are

already sufficient to be associated with late acute rejec-

tions [7] or graft loss [8], indicating that, in contrast to

other chronic diseases such as hyperlipidemia or hyper-

tension, partial adherence (<100%) may not have a long-

term salutary benefit. More studies are urgently needed,

but are not easy to conduct, as the relationship between

medication-taking behavior and clinical outcomes may be

influenced by multiple mechanisms other than just adher-

ence.

A fourth weakness in most studies was that there was

no clear definition of the usual care patients received

before the intervention or when being part of the control

group. A shortcoming of some intervention studies

[14,18–20] also was that there was no control group for

comparison.

Fifth, there was no baseline assessment of adherence

before the start of the intervention in four studies

[12,14,15,22]. Therefore, it was difficult to make an evalu-

ation of the effects of the intervention(s). In most studies

the intervention was only done once or for a short

period, making it difficult to evaluate the effect size of

the intervention on clinical outcomes over a longer per-

iod of time.

A final methodologic shortcoming relates to statistical

power. All studies have a rather small sample size. The

sample size ranged between 18 [9,14] and 110 subjects

[13]. Only one study [9] calculated the number of

patients needed in both treatment arms to obtain suffi-

cient power to substantiate findings on efficacy of inter-

ventions. However, their data lacked statistical power to

support their assumptions, as only data from a pilot

study were available [9].

Concerns with respect to the content of the intervention

In general, one in four Tx patients do not adhere to pre-

scribed drug therapy. Finding the right combination of

interventions to enhance adherence is vital to our Tx

patients in order to preserve organ function. Out of the

12 studies identified in this review, only five studies

[12,13,15,18,19] had statistically significant results. No

single intervention proved to be superior at increasing

medication-adherence in Tx. The reasons why the effects

of the published interventions in Tx are limited are mul-

tifold.

First, adherence-intervention studies should build upon

theoretical models explaining behavioral change, and

should be multidimensional and multilevel. None of the

studies except two [9,22] mentioned which theoretical

framework was used to develop the adherence-enhancing

intervention. Theoretical models may guide research

efforts to build adherence-enhancing interventions, lead-

ing to better adherence and overall outcomes. For exam-

ple, the Integrated Model of Behavior Change states that

intentions and environmental or personal constraints are

the primary determinants of behavior. According to this

model, intentions are in turn determined by beliefs about

social norms, self-efficacy (i.e. beliefs of behavioral con-

trol), and attitudes (i.e. covert feelings of favorability or

unfavourability, e.g. outcome expectancy beliefs, weighing

of pros and cons of adherence). This model, as well as

other models, have in common that they provide guid-

ance on which factors interventions should focus in order

to be successful.

Second, based on meta-analyses [34,35] and systematic

reviews [36,37] summarizing the evidence on adherence-

enhancing interventions in other chronic illness popula-

tions, interventions should be multidimensional targeting

as many risk factors as possible by combining educa-

tional/cognitive counseling/behavioral and psychologic/

affective interventions. Yet, most of the interventions

described have a focus on only one aspect, e.g., improving

knowledge by providing education, or cost of the

medication, ignoring that nonadherence is usually a

multi-factorial and complex problem.

Third, in most studies, it was unclear as to what was

meant by ‘intervention’ in terms of dosage, duration,

content of intervention, and who performed the interven-

tion. Most of the patients may not have received an ade-

quate dose of the intervention as the interventions were

administered only once or repeated infrequently during a

short period of time (e.g. 6 months). Ideally, an interven-

tion ‘boost’ should be provided on a regular basis to

maintain medication-adherence.

Another weakness is that most interventions are not

patient-tailored. In most studies, the intervention is iden-

tical for every patient and ignores the fact that an individ-

ual patient has his or her own risk profile. Using the

WHO taxonomy [1], identified risk factors for NA are

patient-related (e.g. low self-efficacy, patient’s beliefs of

efficacy of medications, former nonadherence, poor

knowledge, higher perceived barriers to adhere to regi-

mens), socio-economic (e.g. younger age, lack of effective

social networks, family dysfunction), treatment-related

(e.g. longer time since Tx, higher cost of medications,

symptom distress associated with side-effects of
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immunosuppressive regimen), condition-related (e.g. more

self-care disability, more complications, psychiatric diag-

nosis such as depression, and substance abuse) [2], and

healthcare system- and healthcare team-related factors

[2,3,38]. The latter category should receive more attention

as a potential resource for adherence-enhancing interven-

tions. In line with the definition of adherence, underscor-

ing the importance of establishing a partnership with the

patient, the role of the healthcare professional and health-

care setting cannot be ignored. Indeed, publications on

interventions performed in other chronic illness

populations revealed that even the most effective inter-

ventions at the patient level (combination of more conve-

nient care, information, reminders, self-monitoring,

reinforcement, counseling, family therapy, psychologic

therapy, crisis intervention, manual telephone follow-up

and supportive care) did not lead to large improvements

in adherence and treatment outcomes [39], suggesting

that future interventions should focus more on the role

of the professional and the healthcare system in which

the patient is imbedded. Indeed, given that a partnership

in view of adherence involves both the patient AND the

professional, future studies should attempt to look at

determinants at the micro, meso and macro level and

develop interventions accordingly.

Based on the results from our systematic review, it

appears that a combination of interventions, combining

strategies at the patient, healthcare provider, setting and

system level may be effective in the long term. A team

approach for the chronic disease management of Tx

patients is therefore recommended.

Conclusion

No single intervention proved to be superior at increasing

medication-adherence but it does appear that a combina-

tion of interventions may be effective in the long term.

Utilizing an RCT design and adhering to the CONSORT

guidelines can lead to higher quality studies and possibly

more effective interventional studies to enhance medica-

tion-adherence. Results also point towards extending the

duration or the ‘dosage’ of intervention to reach enduring

adherence and positively affect outcomes [40]. Future

research on adherence-enhancing interventions should

take notice of methodologic as well as content aspects to

improve the outcome of adherence-enhancing interven-

tions for organ Tx patients.
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