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Introduction

Following transplantation (Tx), adherence to medication

regimens is crucial to prevent rejection, graft loss, and

additional morbidity [1,2]. However, a recent meta-analy-

sis indicated a nonadherence (NA) prevalence of immu-

nosuppressants (IS) 22.6 cases per 100 patient-years

(PPY) in solid organ Tx recipients [3].

Most studies on NA in Tx patients have substantial

methodological limitations. First, the majority use a single

NA measurement method; in the absence of a gold stan-

dard to assess medication NA, recent studies recommend

a combination of assessment methods to enhance sensi-

tivity [4,5]. Second, although evidence shows that the rate

of medication NA is important, assessment methods

rarely measure all dimensions of NA, i.e., taking, timing,

dosing, and drug holidays. Third, most studies use cross-

sectional designs, allowing no assessment of changes over

time; optimally, adherence is assessed as a time dependent

variable [3]. Fourth, while differences exist between Tx

groups’ NA rates, few studies directly compare NA

among Tx populations [3]. Identifying adherence behav-

ior differences between organ Tx groups will assist the

development of organ specific adherence-enhancing inter-

ventions. Fifth, there is a paucity of NA data regarding

co-medication. Tx patients typically manage multiple
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Summary

Adherence to medication regimes is crucial for transplant patients. Addressing

methodological limitations and gaps in the literature, we studied: (i) the preva-

lence of nonadherence (NA) with immunosuppression (IS) using various mea-

surement methods, (ii) NA prevalence regarding intake and timing, (iii)

changes in NA over time, (iv) differences in NA across organ transplant popu-

lations, (v) NA regarding co-medication. Using a descriptive, prospective, com-

parative design over 3 months, we included convenience samples of adult heart

(n = 79), liver (n = 55), and lung (n = 104) transplant patients. NA with IS

was measured using self-report, collateral report, blood assay, electronic moni-

toring (Helping HandTM, Bang and Olufsen Medicom, Denmark), and their

combinations. In the overall sample, depending on the method used, IS NA

ranged from 23.9% to 70.0%. For co-medication, the overall NA rate was

30.1% using self-report. Nonadherence rates remained stable over time. At

inclusion, significant NA differences between organ groups were reported via

self- and collateral report; lung transplant patients were less adherent than

heart or liver transplant recipients, both to IS and to co-medication.
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co-morbidities requiring co-medications [6–10]. It is gen-

erally believed that nonadherence to co-medications is

higher than to IS, but evidence supporting this hypothesis

is currently lacking. Substantiating co-medication NA

levels would close a relevant gap in Tx literature.

To deal with these issues, the aims of this study were

as follows: (i) to determine, via combined measurement

methods, the prevalence of IS medication NA, (ii) to

assess NA prevalence regarding intake and timing of IS,

(iii) to assess changes in IS NA over a 3-month period,

(iv) to compare IS NA across adult heart, liver, and lung

transplant recipients, (v) to measure co-medication NA

and compare it between heart, liver, and lung Tx groups.

Materials and methods

Design, sample, and setting

We used a prospective, descriptive, comparative design,

including baseline (T0) and 3 month (T1) (i.e., preinter-

vention) follow-up data of the Medication Adherence

Enhancing Study in Transplantation (MAESTRO), a ran-

domized control trial testing the efficacy of adherence-

enhancing interventions in transplant patients.

Participants were a convenience sample of adult heart,

liver, and lung Tx recipients. They were all prescribed a

twice-daily regimen of tacrolimus, undergoing regular

(i.e., at least every 3–4 months) post-Tx follow-up at the

University Hospitals in Leuven, Belgium, Dutch-speaking,

and able to read, understand and signing our written

informed consent form. Furthermore, to avoid interfer-

ence with clinical medication trials and to allow time for

IS therapy to stabilize, we included only patients more

than 1 year post-Tx. Exclusion criteria were as follows:

multi-organ transplants, caregiver management of the

medication regimen, IS medication changes in the previ-

ous 4 weeks, mental impairment, terminal illness with a

reasonable prospect of death in the next 3–6 months,

being on the waiting list for re-transplantation, being preg-

nant or having the desire to become pregnant soon (preg-

nant patients have more frequent hospital follow-ups).

Variables and measurement

Demographics and clinical variables

Demographic data (i.e., age, gender, living situation, level

of education, and professional status) were collected at

the start of the study (T0) via an interview using a struc-

tured questionnaire. The ‘level of education’ variable was

operationalized following Appel et al. [11] comprising the

following categories: ‘primary/grade school’, ‘some high

school’, ‘completed high school’, ‘some college/university’,

and ‘completed college/university’. Professional status was

identified using the following categories: ‘full time’, ‘part

time’, ‘unemployed’, ‘student’, ‘housewife/househusband’,

‘temporarily incapacitated to work’, ‘retired’, and ‘living

on disability allowance’. In Belgium, all patients are

covered by compulsory health insurance. The following

clinical variables were retrieved from the medical files:

organ transplanted (heart, liver, and lung); time after

transplantation (in months); numbers and dosing fre-

quencies of IS drugs; numbers and dosing frequencies of

co-medications.

Nonadherence measurements

Self-report. At T0 and T1, self-reported IS medication NA

data were collected in a patient interview using the 4-item

Basel Assessment of Adherence with Immunosuppressive

medication Scale (BAASIS) and the Visual Analog Scale

(VAS) [12]. For the BAASIS, participants were asked in a

nonthreatening, nonjudgmental manner about how often,

over the last 4 weeks, they (i) had not taken their drugs

(taking dimension), (ii) had taken their medication more

than 2 h before or after their prescribed taking time (tim-

ing dimension), (iii) had skipped at least two consecutive

doses of their drugs (drug holidays), (iv) had reduced the

prescribed amount of their medication (dose reduction).

Responses were given on a 6-point scale ranging from 0

(never) to 5 (every day). NA was defined as any self-

reported NA (response score 1–5) on any of the 4 items

[13]. In addition to individual scores for the taking and

timing dimensions, we tabulated a total score for the four

items. Then, patients indicated their adherence levels on

the 120 mm Visual Analog Scale (VAS), ranging from no

adherence (0 mm), to perfect adherence (100 mm), to

taking more medication than prescribed (120 mm). For

T0 only, we also adapted the BAASIS to assess adherence

to co-medications by replacing ‘immunosuppressants’ by

‘co-medication = all medication except immunosuppres-

sants’ (Fig. 1). The performance of the BAASIS has been

documented [12,14]. Validity of the VAS has been evalu-

ated as described by Kerr et al. [15].

Collateral report. At T0 and T1, the treating physician and

clinical nurse rated each patient’s IS drug adherence on

an ordinal scale as good, fair or poor. If either categorized

the patient’s adherence as less than ‘good’, the patient

was classified as nonadherent. This measurement method

has been successfully used previously in Tx patients [12].

Assay. The blood levels for tacrolimus were assessed as

part of routine post-Tx follow-up care. The therapeutic

range for tacrolimus varies according to the transplanted

organ, the presence of kidney dysfunction, and other fac-

tors (e.g., combination with other immunosuppressants).

Sub-therapeutic values were considered indicative of NA.
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Assay data were retrieved from the medical charts at T0

and T1.

Electronic monitoring (EM). Electronic monitoring cap-

tures patients’ medication dynamics electronically via a

microchip integrated in a pill bottle or blister package.

Our study used the Bang & Olufsen Medicom Helping

HandTM Data Capture EM system (Fig. 2), which is

specifically developed to assess adherence with drugs

stored in blister packages and has been tested to ensure

accuracy and reliability [16]. A microchip monitors pre-

sumable tablet intake by registering the date and time of

each blister removal and reinsertion. Data are down-

loaded to a computer for analysis [17]. Four EM para-

meters were calculated: (i) taking adherence, percentage

Inclusion (T0) After 3 months (T1)

- Assay

- Self-report (BAASIS)
- taking/timing dimension
- 4 questions
- VAS-scale

- Self-report (BAASIS)
- taking/timing dimension
- 4 questions
- VAS-scale

- Collateral report 
- nurse 
- physician

- Assay
- Combined Adherence Scores 

(CAS-1,-2)

Immunosuppressants

Co-medication

- CAS-1,-2

- taking/timing dimension
- 4 questions
- VAS-scale

- Collateral report 
- nurse 
- physician

- Self-report (BAASIS)
Immunosuppressants

- Electronic monitoring

Figure 1 Overview of design and measurement methods.
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Figure 2 Evolution of prevalence of nonadherence in immunosuppressive medication over time.
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of blister removals compared with the number prescribed

for the monitoring period, (ii) dosing adherence, percent-

age of days on which the patient took the prescribed

number of doses, (iii) timing adherence, percentage of

correct dosing intervals (correct interval between two

doses = ±2 h of prescribed intake timing), (iv) the num-

ber of drug holidays, no blister removals over a period

greater than 24 h.

One presumed complication of EM use is a Hawthorne

effect – i.e., enhanced performance of the monitored

behavior resulting from users’ awareness of being moni-

tored – lasting 35–42 days [14,18,19]. Therefore, any-

where our data showed this effect we were prepared to

disqualify that data from analysis. In addition, patients

could report any deviations from the EM system, e.g., if

they took their medication as prescribed but did not use

the EM device. Such events were added to the EM data.

Composite adherence score (CAS). Two Composite adher-

ence scores (CAS) were calculated, each based on data

from multiple NA assessment methods. CAS-1 combined

self-reported NA and collateral reports (physician and

nurse combined) [12]. If either instrument showed non-

adherence, the patient was classified as nonadherent.

CAS-2 used self-reported NA, collateral-reported NA

(physician and nurse combined), and nontherapeutic

blood assay variability [12]. To calculate the CAS scores,

the collateral reports of the physician and the nurse were

combined. If either categorized the patient as less than

‘good’, the patient was categorized as nonadherent. Con-

cerning assay, all sub-therapeutic levels were considered

as nonadherent.

Procedure

Data collection took place between January 2008 and

April 2009. Before the start of the study, the primary

investigator (FD) trained 2 researchers – neither of

whom belonged to the transplant team – in BAASIS

interview techniques, i.e., methods to reliably assess self-

reported NA. Eligible Tx recipients were approached

during their scheduled outpatient clinic visits. Prior to

that, they had been contacted by telephone to briefly

explain the study. At T0, after written informed consent

was obtained, the BAASIS interview and the demo-

graphic questionnaire were completed. After the clinic

visit, the researcher collected collateral NA data sepa-

rately from the treating physician and the nurse in

charge of the outpatient clinic; other relevant clinical

and assay data were retrieved from participants’ medical

records.

All participants used the Helping HandTM system for

3 months. If multiple dosages of tacrolimus were pre-

scribed, only one was monitored via EM, with others

taken as usual. To minimize disruption of patients’ medi-

cine-taking habits, those who usually used pillboxes were

instructed to use them concomitantly with the EM sys-

tem. All patients received oral and written instructions

regarding correct EM use, as well as deviation report

forms where patients could write down any remark con-

cerning their medication intake [20,21]. All were

informed that the EM system would monitor their medi-

cation intake dynamics.

After 3–4 months, during another scheduled outpa-

tient visit (T1), the BAASIS interview was repeated and

EM data downloaded using the HelpView (Bang and

Olufsen Medicom, Denmark) software. After this

appointment, the researcher again collected collateral

NA data separately from the physician and clinic nurse

and assay data from the participants’ medical records.

Approval of the ethics committee of the University

Hospitals of Leuven, Belgium was obtained prior to the

study (MC 4629).

Data analysis

For descriptive statistics regarding continuous variables,

we explored data distributions and calculated median and

quartile figures as appropriate. Nominal and ordinal data

were expressed in absolute numbers and percentages.

Adherence levels were compared per measurement

method among the three organ groups using either the

Kruskal–Wallis test for continuous data or the chi-

squared test for nominal level data. Adherence changes

over time were calculated via McNemar’s test for nominal

variables (e.g., the BAASIS, collateral report and assay) or

the Wilcoxon signed-rank for continuous level data (e.g.,

VAS of the BAASIS). All calculations were performed

using the SPSS� version 16.0 statistical software package

(SPSS� Inc. Headquarters, Chicago, IL, USA). We consid-

ered a P-value of <0.05 statistically significant; two-sided

tests were applied.

For descriptive purposes, EM parameters were

expressed as continuous data. To indicate any Hawthorne

effect, graphic analytic techniques were used to plot a

nonlinear regression to represent the relationship between

time and adherence [19]. Any period showing evidence of

a Hawthorne effect was excluded from analysis.

Results

Sample

At the time of this study, MAESTRO researchers had

invited 265 eligible heart, liver, and lung Tx recipients to

participate, 238 (89.8%) of whom agreed to participate at

T0 (Fig. 3). Thirty-four (14.2%) participants dropped out
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before T1 and for 7 (0.03%) participants EM data were

unavailable for technical reasons. Therefore, EM data

were available in 197 patients at T1. Table 1 details the

final sample’s demographic and clinical characteristics.

Comparison of these data with those of patients who

made their data available but otherwise declined partici-

pation (N = 14) indicated no significant differences (data

not shown).

Prevalence of nonadherence

Self-report

At T0, 36.7% of heart, 23.6% of liver, and 40.4% of lung

Tx patients answered ‘yes’ to at least one of the four

BAASIS questions (Table 2) and were therefore catego-

rized as IS nonadherent. More detailed BAASIS analysis

showed that 20.3% of heart, 12.7% of liver and 36.9%

of lung Tx patients had forgotten to take their immuno-

suppressants at least once in the previous 4 weeks.

Concerning timing, 26.6%, 20.0%, and 27.5% of heart,

liver, and lung Tx patients, respectively, had taken their

- dropout: n = 34 (14.2%) 

Inclusion (T0) 

- no EM-data due to technical reasons: n = 7 (0.03%) 

After 3 months (T1) 

n = 265 eligible patients 

n = 238 signed informed consent (89.8%) 

n = 204 included patients 

n = 197 patients with EM-data available 

Figure 3 Flowchart of patient inclusion.

Table 1. Demographic and clinical characteristics of the sample.

Total (n = 238) Heart (n = 79) Liver (n = 55) Lung (n = 104) Significance

Gender (%) 138 (58.2) 53 (67.1) 32 (58.2) 53 (51) * = 4.794

Male 138 (58.2) 53 (67.1) 32 (58.2) 53 (51) P = 0.091

Median age (Q1–Q3) 58 (49–64) 59 (47–65) 62 (51–67) 56.5 (46.25–61) H = 11.776

P = 0.003

Do you live alone? (%)

No 204 (85.7) 69 (87.3) 46 (83.6) 89 (85.6) * = 0.319

Yes 34 (14.2) 10 (12.7) 9 (16.1) 15 (14.4) P = 0.853

Level of education (%)

Primary/grade school 4 (1.7) 0 (0) 2 (3.6) 2 (1.9) * = 7.597

Some high school 94 (39.3) 26 (32.9) 24 (42.9) 44 (42.3) P = 0.474

Completed high school 68 (28.5) 25 (31.6) 16 (28.6) 27 (26)

Some college/university 20 (8.4) 7 (8.9) 2 (3.6) 11 (10.6)

Completed college/university 53 (22.2) 21 (26.6) 12 (21.4) 20 (19.2)

Employment (%)

Full time 20 (8.4) 8 (10.1) 3 (5.4) 9 (8.7) * = 36.817

Part time 19 (7.9) 7 (8.9) 1 (1.8) 11 (10.6) P = 0.001

Unemployed 1 (0.5) 0 (0) 0 (0) 1 (1.2)

Student 4 (2) 3 (4.7) 0 (0) 1 (1.2)

Housewife/househusband 16 (8) 8 (12.5) 5 (9.6) 3 (3.6)

Incapacitated to work 23 (11.5) 12 (18.8) 5 (9.6) 6 (7.1)

Retired 75 (37.5) 27 (42.2) 27 (51.9) 21 (25)

Living on disability allowance 80 (40.2) 14 (21.9) 14 (27.5) 52 (61.9)

Median time living with graft (months) (Q1–Q3) 46 (21.5–78) 51 (22–80) 30.5 (15–73) 57 (33.7–76.2) H = 8.651

P = 0.013

Number of different immunosuppressive drugs (%)

1 17 (7.1) 2 (2.5) 14 (25) 1 (1) H = 98.552

2 133 (55.9) 67 (84.8) 37 (67.2) 29 (27.9) P = 0.001

3 86 (36) 10 (12.7) 3 (5.4) 73 (70.2)

4 1 (0.4) 0 (0) 0 (0) 1 (1)

Median number of nonimmunosuppressive drugs

(Q1–Q3)

4 (3–5) 2 (3–5) 3 (2–5) 8 (6–11) H = 106.356

P = 0.001

Median number of medication doses/day (IS and nonIS)

(Q1–Q3)

3 (2–4) 2 (2–3) 3 (2–3.) 3.5 (3–5) H = 29.740

P = 0.001

*Fischer’s Exact test.

H, Kruskal–Wallis test.
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medication more than two hours earlier or later than

the prescribed time. The median VAS scores at T0 were

90.0, 92.5, and 95.0 for heart, liver, and lung Tx

patients, respectively.

At T1, taking the answers of the four questions into

consideration (see operational definitions), 28.8%, 38.0%,

and 35.9% of heart, liver, and lung Tx patients, respec-

tively, reported nonadherence. For the taking dimension,

Table 2. Prevalence of nonadherence in immunosuppressive medication.

BAASIS scale Total Heart Tx Liver Tx Lung Tx Statistics P-value

Taking dimension

Nonadherent T0 (%) 36/237 (15.2) 16/79 (20.3) 7/55 (12.7) 13/103 (12.6) v2 = 2.359 0.308

Nonadherent T1 (%) 22/202 (10.9) 4/60 (5.1) 8/49 (14.5) 10/93 (10.8) v2 = 2.597 0.273

P-value McNemar test 0.110 0.039 1.000 0.581

Timing dimension

Nonadherent T0 (%) 70/237 (29.5) 21/79 (26.6) 11/55 (20.0) 38/104 (36.5) v2 = 5.413 0.067

Nonadherent T1 (%) 58/198 (29.3) 14/59 (17.7) 15/49 (27.3) 29/90 (27.9) v2 = 1.296 0.523

P-value McNemar test 0.590 0.607 0.454 0.307

Four questions

Nonadherent T0 (%) 84/238 (35.3) 29/79 (36.7) 13/55 (23.6) 42/104 (40.4) v2 = 5.988 0.200

Nonadherent T1 (%) 69/201 (34.3) 17/59 (28.8) 19/50 (38.0) 33/92 (35.9) v2 = 2.436 0.656

P-value McNemar test 0.643 0.238 0.146 0.500

VAS

T0 Median (Q1–Q3) 95.0 (85.0–100) 90.0 (80.0–100) 92.5 (85.0–100) 95.0 (90.0–100) H = 34.620 0.011

Minimum–Maximum 11–105 50–105 50–100 11–100

T1 Median (Q1–Q3) 90.0 (80.0–100) 90.0 (82.5–100) 90.0 (80.0–99.0) 95.0 (80.0–100) H = 19.435 0.494

Minimum–maximum 10–110 55–105 50–100 10–110

Wilcoxon test; P-value Z = )2.479; 0.013 Z = )0.567; 0.571 Z = )1.447; 0.148 Z = )2.143; 0.032

Collateral report Physician

Nonadherent T0 (%) 56/234 (23.9) 18/79 (22.8) 6/53 (11.3) 32/102 (31.4) v2 = 7.789 0.020

Nonadherent T1 (%) 46/194 (23.7) 10/59 (16.9) 7/48 (14.6) 29/87 (33.3) v2 = 8.155 0.017

P-value McNemar test 0.362 1.000 0.687 0.302

Collateral report Nurse

Nonadherent T0 (%) 69/221 (31.2) 34/79 (43.0) 1/39 (2.6) 34/103 (32.7) v2 = 24.106 0.001

Nonadherent T1 (%) 57/178 (32.0) 21/58 (36.2) 1/31 (3.2) 35/89 (39.3) v2 = 14.457 0.001

P-value McNemar test 0.749 0.227 /* 0.248

Assay

Nonadherent T0 (%) 57/235 (24.3) 17/78 (21.8) 9/55 (16.4) 31/102 (30.4) v2 = 4.212 0.122

Nonadherent T1 (%) 51/192 (26.6) 14/63 (22.2) 9/42 (21.4) 28/87 (32.1) v2 = 2.585 0.275

P-value McNemar test 0.771 0.375 0.375 0.108

CAS-1

Nonadherent T0 (%) 136/226 (60.2) 53/79 (67.1) 18/44 (40.9) 65/103 (63.1) v2 = 8.760 0.013

Nonadherent T1 (%) 111/200 (55.5) 29/59 (49.2) 25/51 (49.0) 57/90 (63.3) v2 = 4.066 0.131

P-value McNemar test 0.590 0.064 0.388 1.000

CAS-2

Nonadherent T0 (%) 159/227 (70.0) 60/79 (75.9) 25/45 (55.6) 74/103 (71.8) v2 = 5.974 0.050

Nonadherent T1 (%) 136/204 (66.7) 39/65 (60.0) 32/49 (65.3) 65/90 (72.2) v2 = 2.591 0.274

P-value McNemar test 0.382 0.031 0.549 1.000

Electronic monitoring

Mean % taking nonadherence

(min–max)

10.6 (7–119) 8.4 (24–103) 9.7 (33–119) 13 (7–102) H = 34.775 0.663

Mean % timing nonadherence

(min–max)

19.8 (1–100) 15.6 (7–100) 19.2 (1–100) 22.6 (1–99) H = 44.053 0.385

Mean % dosing nonadherence

(min–max)

12.7 (2–100) 9.5 (30–100) 12.6 (2–100) 14.8 (7–99) H = 65.011 0.218

Mean % drug holidays

(min–max)

1.3 (0–20) 1.5 (0–20) 1.0 (0–16) 1.39 (0–18) H = 11.583 0.640

*Computed only for a PXP table, where P must be greater than 1. Bold indicates statistically significant (P < 0.05).

BAASIS, basel assessment of adherence with immunosuppressive medication scale; CAS, composite adherence scores; v2, chi-squared test; H,

Kruskal–Wallis test; Tx, transplant; VAS, visual analog scale; Z, Wilcoxon signed rank test.
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5.1% of heart, 14.5% of liver and 10.8% of lung Tx

patients were nonadherent. For timing, 17.7%, 27.3% and

27.9% of heart, liver, and lung Tx patients, respectively,

reported nonadherence. On the VAS, heart and liver Tx

patients’ median score was 90.0; lung Tx patients’ median

score was 95.0.

During the T–T1 interval, adherence improved in 73

patients’ (40.6%), it remained stable in 61 (33.9%) and

46 patients (25.6%) became nonadherent. Differences

between organ groups are detailed in Fig. 2.

Collateral reports

At T0, the physicians estimated that 22.8% of heart,

11.3% of liver, and 31.4% of lung Tx patients were non-

adherent (Table 2). At T1, collaterally reported NA rates

were 16.9%, 14.6%, and 33.3% for heart, liver, and lung

Tx populations, respectively. During the 3-month period

between T0 and T1, 18 patients (9.5%) became adherent,

160 (84.2%) remained stable and 12 (6.3%) became non-

adherent in the opinions of the treating physicians

(Fig. 2).

Nurses estimated that 43.0% of heart, 2.6% of liver and

32.7% of lung Tx patients were NA at T0. At T1, these

results were 36.2%, 3.2%, and 39.3%, respectively

(Table 2). That is, nurses estimated that 21 patients

(12.1%) had improved, 135 (77.6%) had remained stable

and 18 (10.3%) had become nonadherent during the

3-month period between T0 and T1 (Fig. 2).

Assay

At T0, 21.8% of heart, 16.4% of liver and 30.4% of lung

transplant patients were categorized as nonadherent using

the assay method (Table 2). At T1, nonadherence rates

were respectively 22.2%, 21.4%, and 32.1% for the heart,

liver, and lung populations (Fig. 2).

Electronic monitoring

The EM data showed no potential Hawthorne effect (data

not shown). Therefore, all EM-data from the 3-month

observation period were included. For the total study

sample, the median 3-month prevalences of EM nonad-

herence were as follows: 10.6% taking, 19.8% timing,

12.7% dosing, and 1.3% drug holidays. Differences

between organ groups are shown in Table 2.

Composite adherence scores

At T0, 67.1% of heart, 40.9% of liver, and 63.1% of lung

Tx patients were classed nonadherent by CAS-1 (Table 2).

At T1, NA figures for heart, liver, and lung Tx patients

were 49.2%, 49.0%, and 63.3%, respectively. Using the

CAS-2 algorithm at T0, 75.9% of heart, 55.6% of liver,

and 71.8% of lung Tx patients were categorized as nonad-

herent (Table 2). At T1, the CAS-2 NA rates were 60.0%,

65.3%, and 72.2% for heart, liver, and lung Tx patients,

respectively.

Differences in nonadherence between T0 and T1

In self-report, collateral report, assay, and composite

scores, only two significant differences in NA were

observed between T0 and T1 (Table 2). On the VAS,

lung Tx patients rated themselves significantly less adher-

ent to their IS medication at T1 than at T0; and for

CAS-2, heart Tx patients showed increased NA at T1

(Table 2). Figure 2 shows the proportions of patients

whose adherence scores improved, remained stable, or

deteriorated.

Differences in nonadherence between organ

Tx populations

Comparison of NA in the three studied Tx populations’

showed significant differences in only four parameters.

Whereas, at T0, the BAASIS VAS scale depicted heart

Tx patients as significantly less adherent than liver or

lung Tx patients, physicians’ collateral reports at both

T0 and T1 ranked lung Tx patients as least adherent,

also by a significant margin. At the high end of the

adherence scale, while nurses’ collateral reports ranked

liver Tx patients as significantly more adherent than

either other group both at T0 and T1, CAS-1 and CAS-

2 adherence scores were highest for liver Tx patients

only at T0.

Differences in nonadherence between

immunosuppressants and co-medication

For co-medication, the four BAASIS questions revealed

NA in 53.4% of lung Tx participants (Table 3) – signifi-

cantly higher than in the heart (39.2%) or liver (21.4%)

Tx groups. The VAS figures confirmed this ranking, with

median NA scores of 91.0 for heart, 90.0 for liver, and

95.0 for lung Tx patients.

Comparing the BAASIS’s IS taking dimension figures

with those reported for co-medication indicated signifi-

cantly more nonadherence to co-medication (P = 0.002),

although the BAASIS timing dimension showed no

significant difference (P = 0.375). VAS results also

showed significantly more nonadherence (P = 0.043) to

co-medication.

Discussion

The prevalence of nonadherence

This study is the first to present NA to IS regimens in

heart, liver, and lung Tx patients using four different
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measurement methods and two combined scores. The dif-

ferent measurement methods showed a wide range of

results, with the overall sample’s NA figures in ranging

from 23.9% to 70.0%. In all three groups, however, the

highest NA rates were found using CAS-1, CAS-2, and

electronic monitoring, confirming that combined mea-

surement methods produce a more complete view of

patients’ NA [4].

Electronic monitoring data analysis indicated a mean

3-month NA prevalence of 10.6% for taking, 19.8% for

timing, 12.7% for dosing, and 1.3% for drug holidays.

These rates differed substantially from those of Butler

et al. [22], according to whom 45% of subjects were non-

adherent during the monitored period, while 12% and

26% missed at least 20% and 10% of days, respectively.

We can offer three possible explanations for such pro-

nounced differences. First, different transplant popula-

tions were investigated: Butler [22] included kidney Tx

recipients, who generally show higher NA rates than any

of our three subject groups [3]. Second, cultural differ-

ences and health system factors may have played a role

[21.] Third, different EM devices were used: Butler [22]

used the MEMS�-V TrackCap EM system (Aardex, Ltd.,

Zug, Switzerland); we used the Helping Hand�. A

recent laboratory evaluation study showed error-free

operation in 70–87% of Helping Hand� devices, com-

pared with 20–100% of MEMS, depending on battery life

[16].

Nonadherence differences between immunosuppressants

and co-medication

The BAASIS taking NA figures were significantly higher

for co-medication than for immunosuppressants

(P = 0.002), suggesting that, while patients are clearly

aware that immunosuppressants are crucial to their

health, they attribute less importance to co-medication.

Concerning the BAASIS timing dimension, patients expe-

rience many problems taking both immunosuppressants

(29.5%) and co-medication (30.1%) regularly. Focusing

on specific adherence dimensions is particularly impor-

tant for populations in which even slight deviations from

dosing schedules can influence clinical outcomes (e.g.,

transplant or HIV) [14,20]. For healthcare professionals

working with such groups, developing and integrating

adherence-enhancing interventions – focusing both on

taking and timing – demands a high priority [23–25].

Measurement of nonadherence at T0 and T1

Between T0 and T1, both VAS results in lung Tx patients

and CAS-2 results in heart Tx patients showed significant

changes. As the principle of the Hawthorne effect suggests

that EM alone will lead to significant temporary improve-

ments in patients’ medication adherence [18], we tested

our data for evidence of such an effect. We found none.

This agrees with Dunbar-Jacob’s observation that, over a

short term (3 months), barring major events, medication

adherence is a relatively stable behavior [26]. However, it

contradicts Deschamps et al. [18] who concluded that

EM had positively influenced the medication taking

behavior of 26% of their study participants. Two other

studies, one in patients with hypertension and one in

alcohol dependent patients, demonstrated, respectively,

that using EM alone improved blood pressure and

decreased alcohol consumption [27,28].

Comparison of nonadherence between organ

Tx populations

Of our three Tx populations, lung Tx recipients showed

the highest NA figures, both for IS and nonIS medication.

The lung Tx patients were also significantly younger, had

longer post-transplant courses, used both more IS and

Table 3. Prevalence of nonadherence in co-medication.

BAASIS scale Total Heart Tx Liver Tx Lung Tx Statistics P-value

Taking dimension

Nonadherent for taking T0 (%) 49/229* (21.4) 14/77 (17.7) 7/50 (12.7) 28/102 (27.5) v2 = 4.323 0.115

Timing dimension

Nonadherent for timing T0 (%) 69/229* (30.1) 21/77 (26.6) 11/50 (20.0) 37/102 (36.3) v2 = 3.698 0.157

Four questions

Nonadherent T0 (%) 97/229* (42.3) 31/77 (39.2) 11/50 (22.0) 55/102 (53.4) v2 = 13.818 0.008

VAS scale

Nonadherent T0 Median (Q1–Q3) 95.0 (85.0–100) 91.0 (80.0–100) 90.0 (85.0–100) 95.0 (85.0–100) H = 24.635 0.173

Minimum–Maximum 10–105 50–105 50–100 10–105

*Not all patients take co-medication. Bold indicates statistically significant (P < 0.05).

BAASIS, basel assessment of adherence with immunosuppressive medication scale; v2, chi-squared test; H, Kruskal–Wallis test; Tx, transplant;

VAS, visual analog scale.
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more co-medication, and required more doses per day

than either other group. Previous studies have confirmed

that these factors increase the likelihood of NA [3,29,30].

Moreover, our analyses showed that higher numbers of

medication doses per day may increase medication NA, as

the two increased together [29].

Comparison of physicians’ and nurses’ nonadherence

ratings

Physicians’ collateral NA reports differed substantially

from nurses’: in heart Tx patients, the nurses rated more

patients as nonadherent than did physicians; for the liver

Tx group, the reverse was observed. For lung Tx recipi-

ents, nurses’ and physicians’ appraisals were more equal.

In any case, though, Miller et al. [31] stated that clini-

cians tend to overestimate medication adherence, thereby

missing important intervention opportunities.

The lowness of nonadherence rates perceived by nurses

in liver Tx patients probably relates to the way follow-up

is organized for this group in this study’s Tx centre.

Heart and lung Tx follow-ups are conducted by special-

ized nurses who know them well. However, liver Tx

patients receive follow-ups from a study nurse who knows

only those patients included in clinical trials and who

usually meets with them only shortly before and after

transplantation. This lack of long-term contact might

have biased the nurses’ NA estimates. The observed dif-

ferences between physicians and nurses highlight the value

of combining several healthcare workers’ NA assessments.

Conversely, collateral reporting by a single person is

regarded as an invalid method of assessing medication

NA [12,31,32]. In the calculation of CAS-1 and CAS-2,

the scores of the physicians’ and nurses’ collateral reports

were combined to give more balanced NA assessments in

every patient group.

Limitations of the study

This study was subject to certain identifiable shortcomings.

First, selection bias was possible, as more nonadherent

patients may have declined participation in the study than

adherent ones. In view of clinical and demographical data,

we compared included patients with those who consented

to use their data but who declined further participation

(N = 14). However, no significant differences were found.

Second, although the study participants used as many

as four IS medications, we assessed patients’ adherence to

tacrolimus alone. As NA may differ between medications,

our findings might not reflect the patients’ overall IS

adherence. From studies in HIV, we know that NA was

comparable between antiretrovirals [33]. However, future

studies should test this principle in Tx patients.

Third, the researchers who interviewed the patients also

participated in data input, i.e., the measurements were

not necessarily blind to the investigators. To avoid poten-

tial influences, the BAASIS interviews were scheduled

first. Data from assay, collateral report, and EM were

obtained afterwards. Hence, it is less likely that the lack

of blinding affected our results.

Fourth, this study was conducted in one tertiary care

centre in Belgium. Centre-specific aspects, cultural charac-

teristics, and aspects of the Belgian healthcare system, e.g.,

the compulsory health insurance system, might have

affected the results. Therefore, the findings of this study

cannot be generalized as such to the entire Tx population

of the Western world.

To conclude, we investigated the prevalence of NA to IS

medication, using triangulation, changes in NA over time,

differences in NA across organ Tx populations, and NA to

co-medication in adult heart, liver, and lung transplant

patients. In the overall sample, NA to IS ranged from

23.8% (T0 physician collateral report) to 70.0% (T0

CAS-2). The collated results indicated that patients’ adher-

ence rates remained stable over time. Lung Tx patients

were less adherent than heart or liver Tx recipients and

showed more NA to co-medication than to IS. Future NA

studies should cover different organ Tx populations, inves-

tigate NA to both IS and nonIS medication. Triangulation

via multiple measurement instruments is imperative to

detect nonadherence with the greatest possible sensitivity.

Authorship

DBL: designed research/study, performed research/study,

collected data, analyzed data, and wrote the paper. DF:

designed research/study, performed research/study, col-

lected data, and critically revised the article. BL: col-

lected data, responsible for the critical revision of article.

VJ, VG, and NF: responsible for critical revision of arti-

cle. DGS: designed research/study, performed research/

study, analyzed data, wrote paper, and critical revision

of article.

Funding

The authors have declared no funding.

References

1. Chan M, Pearson GJ. New advances in antirejection ther-

apy. Curr Opin Cardiol 2007; 22: 117.

2. Dobbels F, De Geest S, Van Cleemput J, Droogne W,

Vanhaecke J. Effect of late medication non-compliance on

outcome after heart transplantation: a 5-year follow-up.

J Heart Lung Transplant 2004; 23: 1245.

Nonadherence in transplant patients De Bleser et al.

ª 2011 The Authors

890 Transplant International ª 2011 European Society for Organ Transplantation 24 (2011) 882–891



3. Dew MA, DiMartini AF, De Vito DA, et al. Rates and risk

factors for nonadherence to the medical regimen after adult

solid organ transplantation. Transplantation 2007; 83: 858.

4. Osterberg L, Blaschke T. Adherence to medication. N Engl

J Med 2005; 353: 487.

5. Takemoto SK, Pinsky BW, Schnitzler MA, et al. A retro-

spective analysis of immunosuppression compliance, dose

reduction and discontinuation in kidney transplant recipi-

ents. Am J Transplant 2007; 7: 2704.

6. Freise CE, Gillespie BW, Koffron AJ, et al. Recipient mor-

bidity after living and deceased donor liver transplantation:

findings from the A2ALL Retrospective Cohort Study. Am

J Transplant 2008; 8: 2569.

7. Mells G, Neuberger J. Long-term care of the liver allograft

recipient. Semin Liver Dis 2009; 29: 102.

8. Kasiske BL. Cardiovascular disease after renal transplanta-

tion. Semin Nephrol 2000; 20: 176.

9. Kasiske BL, Danpanich E. Malignancies in renal transplant

recipients. Transplant Proc 2000; 32: 1499.

10. De Geest S, Schafer-Keller P, Denhaerynck K, et al. Sup-

porting medication adherence in renal transplantation

(SMART): a pilot RCT to improve adherence to immuno-

suppressive regimens. Clin Transplant 2006; 20: 359.

11. Huang HY, Maguire MG, Miller ER III, Appel LJ. Impact

of pill organizers and blister packs on adherence to pill

taking in two vitamin supplementation trials. Am J Epi-

demiol 2000; 152: 780.

12. Schafer-Keller P, Steiger J, Bock A, Denhaerynck K, De

Geest S. Diagnostic accuracy of measurement methods to

assess non-adherence to immunosuppressive drugs in kid-

ney transplant recipients. Am J Transplant 2008; 8: 616.

13. Dobbels F, Berben L, De Geest S, et al. The psychometric

properties and practicability of self-report instruments to

identify medication nonadherence in adult transplant

patients: a systematic review. Transplantation 2010; 90: 205.

14. Deschamps AE, Graeve VD, van Wijngaerden E, et al.

Prevalence and correlates of nonadherence to antiretroviral

therapy in a population of HIV patients using Medication

Event Monitoring System. AIDS Patient Care STDS 2004;

18: 644.

15. Kerr T, Marshall A, Walsh J, et al. Determinants of

HAART discontinuation among injection drug users.

AIDS Care 2005; 17: 539.

16. De Bleser L, De Geest S, Vandenbroeck S, Vanhaecke J,

Dobbels F. How accurate are electronic monitoring

devices? A laboratory study testing two devices to measure

medication adherence. Sensors 2010; 10: 1652.

17. Dunbar-Jacob J. Electronic methods in assessing adherence

to medical regimens. In: Braun A, ed. Technology Methods

in Behavioral Medicine. Mahwah, NJ: Lawrence Erlbaum

Associates, 1998: 95–113.

18. Deschamps AE, van Wijngaerden E, Denhaerynck K, De

Geest S, Vandamme AM. Use of electronic monitoring

induces a 40-day intervention effect in HIV patients.

J Acquir Immune Defic Syndr 2006; 43: 247.

19. Denhaerynck K, Schafer-Keller P, Young J, Steiger J, Bock

A, De Geest S. Examining assumptions regarding valid

electronic monitoring of medication therapy: development

of a validation framework and its application on a Euro-

pean sample of kidney transplant patients. BMC Med Res

Methodol 2008; 8: 5.

20. De Geest S, Abraham I, Moons P, et al. Late acute rejec-

tion and subclinical noncompliance with cyclosporine

therapy in heart transplant recipients. J Heart Lung

Transplant 1998; 17: 854.

21. Denhaerynck K, Desmyttere A, Dobbels F, et al. Non-

adherence with immunosuppressive drugs: U.S. compared

with European kidney transplant recipients. Prog

Transplant 2006; 16: 206.

22. Butler JA, Peveler RC, Roderick P, Horne R, Mason JC.

Measuring compliance with drug regimens after renal

transplantation: comparison of self-report and clinician

rating with electronic monitoring. Transplantation 2004;

77: 786.

23. De Bleser L, Matteson M, Dobbels F, Russell C, De Geest

S. Interventions to improve medication-adherence after

transplantation: a systematic review. Transpl Int 2009; 22:

780.

24. Kripalani S, Yao X, Haynes RB. Interventions to enhance

medication adherence in chronic medical conditions: a

systematic review. Arch Intern Med 2007; 167: 540.

25. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X.

Interventions for enhancing medication adherence.

Cochrane Database Syst Rev 2008; 2: CD000011.

26. Dunbar-Jacob J, Schlenk EA. Patient adherence to treat-

ment regimen. In: Baum A, Revenson TA, Singer JE, eds.

Handbook of Health Psychology. Hillsdale: Lawrence

Erlbaum Associates, 2000: 571–580.

27. Cramer J, Rosenheck R, Kirk G, Krol W, Krystal J. Medi-

cation compliance feedback and monitoring in a clinical

trial: predictors and outcomes. Value Health 2003; 6: 566.

28. Burnier M, Schneider MP, Chiolero A, Stubi CL, Brunner

HR. Electronic compliance monitoring in resistant

hypertension: the basis for rational therapeutic decisions.

J Hypertens 2001; 19: 335.

29. Claxton AJ, Cramer J, Pierce C. A systematic review of the

associations between dose regimens and medication com-

pliance. Clin Ther 2001; 23: 1296.

30. Sabate E. World Health Organization Report: Adherence to

Long-Term Therapies. Evidence for Action. Switzerland:

World Health Organization, 2003.

31. Miller LG, Liu H, Hays RD, et al. How well do clinicians

estimate patients’ adherence to combination antiretroviral

therapy? J Gen Intern Med 2002; 17: 1.

32. Farmer KC. Methods for measuring and monitoring medi-

cation regimen adherence in clinical trials and clinical

practice. Clin Ther 1999; 21: 1074.

33. McNabb JJ, Nicolau DP, Stoner JA, Ross J. Patterns of

adherence to antiretroviral medications: the value of

electronic monitoring. AIDS 2003; 17: 1763.

De Bleser et al. Nonadherence in transplant patients

ª 2011 The Authors

Transplant International ª 2011 European Society for Organ Transplantation 24 (2011) 882–891 891


