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Summary

Although medication nonadherence (MNA) is a major risk factor for poor out-

comes, the evolution of MNA from pre- to 3 years post-transplant among the

four major organ transplant groups remains unknown. Therefore, this study

described this evolution and investigated whether pretransplant MNA predicts

post-transplant immunosuppressive medication nonadherence (IMNA). Adult

participants (single transplant, pretransplant and ≤1 post-transplant assessment,

using medications pretransplant) in the Swiss Transplant Cohort Study (a pro-

spective nation-wide cohort study) were included. Nonadherence, defined as any

deviation from dosing schedule, was assessed using two self-report questions pre-

transplant and at 6, 12, 24 and 36 months post-transplant. Nonadherence pat-

terns were modelled using generalized estimating equations. The sample included

1505 patients (average age: 52.5 years (SD: 13.1); 36.3% females; 924 renal, 274

liver, 181 lung, 126 heart). The magnitude and variability of self-reported MNA

decreased significantly from pretransplant to 6 months post-transplant

(OR = 0.21; 95% CI: 0.16–0.27). Post-transplant IMNA increased continuously

from 6 months to 3 years post-transplant (OR = 2.75; 95% CI: 1.97–3.85). Pre-
transplant MNA was associated with threefold higher odds of post-transplant

IMNA (OR = 3.10; 95% CI: 2.29–4.21). As pretransplant MNA predicted post-

transplant IMNA and a continuous increase in post-transplant IMNA was

observed, early adherence-supporting interventions are indispensible.

Introduction

Immunosuppressive medication nonadherence (IMNA) is

highly prevalent in solid organ transplant recipients [1]. A

meta-analysis showed that, among solid organ transplant

recipients, 22.6 cases per 100 persons per year are nonad-

herent to immunosuppressive drugs. Considerable variabil-

ity was observed among organ groups: kidney recipients

had the highest rate (35.6 cases per 100 persons per year),

followed by heart recipients (14.5 cases per 100 persons per

year); liver transplant recipients had the lowest rate (6.7

cases per 100 persons per year) [1].

Immunosuppressive medication nonadherence is a

major risk factor for poor clinical and economic outcomes

in solid organ transplant recipients: research on renal trans-

plant recipients, the group for whom the most evidence on
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IMNA is available–[2] has linked it to acute rejection epi-

sodes, graft loss, reduced renal function and increased

healthcare costs [2]. Over a 5-year prospective study, Vla-

minck et al. [3] observed that nonadherent renal transplant

patients suffered accelerated declines in kidney function,

while Butler et al. [4] showed that 36% of graft failures

were IMNA-related. From a subclinical perspective, Butler

et al. showed a sevenfold likelihood (95% CI: 4–12;
P < 0.001) of graft failure in nonadherent recipients than

in the adherent group. The resulting clinical outcomes

entail a heavy financial burden: a US study showed that, on

average, in the first 3 years following transplantation, non-

adherent renal transplant patients’ medical costs exceeded

those of the adherent by USD 21 600 [5].

Therefore, IMNA emerges as a relevant behavioural

parameter to be considered in the transplant selection pro-

cess [6,7]. Moreover, identifying patients at risk for IMNA

as early as possible and targeting them for interventions is

essential, especially in light of Dobbels et al.’s [8] study of

heart, lung and liver recipients, which showed that pre-

transplant medication nonadherence (MNA) predicts post-

transplant IMNA in the 1st year post-transplant. However,

determining the optimal moment to initiate adherence

enhancing interventions requires an understanding of the

evolution of medication nonadherence in all four solid

organ transplant groups over the pre- to post-transplant

course. To date, while limited prospective studies have

described the development of MNA [1,9–12], the present

study is the first to examine all four major organ transplant

groups concurrently while also assessing pretransplant

MNA.

The Swiss Transplant Cohort Study (STCS), a nation-

wide prospective cohort study, provides a valuable research

framework to study the evolution of medication nonadher-

ence both across and within the four main solid organ

transplant groups from pretransplant to end of life post-

transplant [13]. Begun in May 2008, the STCS tracks all

solid organ transplant patients who receive transplants in

Switzerland from pre- to post-transplant, gathering data on

outcome-linked factors including pre- and post-transplant

MNA and IMNA [13,14].

The aims of this study were therefore as follow: (i) to

prospectively describe the evolution of MNA from pre-

transplant until 3 years post-transplant in liver, renal, lung

and heart transplant recipients; and (ii) to determine

whether pre-transplant MNA is predictive of post-trans-

plant IMNA.

Materials and methods

Design/sample and setting

This study used data from the STCS, a prospective nation-

wide cohort study including all patients transplanted in the

six Swiss transplant centres. The design of the STCS has

been documented elsewhere [13,14]. At the time of each

transplant candidate’s (pretransplant) STCS inclusion,

selected socio-demographic, psychosocial and behavioural

variables – including medication adherence – are collected

via the STCS’s Psychosocial Questionnaire (PSQ). Follow-

up data are collected 6 months post-transplant, 1 year

post-transplant and each year thereafter [13,14]. The cur-

rent study used STCS data from kidney, liver, lung and

heart transplant patients enrolled in the STCS from 2 May,

2008 until 21 August, 2013. Additional inclusion criteria

were: single transplant, 18 years of age or older, the exis-

tence of a pretransplant PSQ assessment for medication

adherence, and taking medications pretransplant.

Variables and measurement

Socio-demographic and clinical variables

Variables extracted from the STCS database for use in this

analysis included gender, age in years at the time of trans-

plantation, transplanted organ (kidney, liver, heart, lung),

date of transplantation, highest completed educational

degree and marital status (single, married/living together,

widow/widower, divorced, separated, answer refused).

Marital status was dichotomized as either living alone (sin-

gle, widow/widower, divorced, separated) or not living

alone (married/living together). Depressive symptomatol-

ogy was assessed using the 7-item depression scale of the

Hospital Anxiety and Depression Scale. The items are

scored from 0 to 3 and the total score calculated by sum-

ming the seven items’ scores (total score range: 0–21)
[14,15].

Medication adherence

Medication adherence was assessed using two self-report

items derived from the BAASIS© instrument, assessing two

dimensions of medication adherence, i.e., taking adherence

and drug holidays [16]. As the BAASIS© was developed

specifically to assess IMNA in solid organ transplant recipi-

ents [16], the STCS uses its items unmodified to gather

post-transplant IMNA data. However, relevant items have

also been adapted to measure pretransplant MNA. Asked

“How often did you miss a dose of medication (pretrans-

plant)/immunosuppressive medication (post-transplant) in

the past 4 weeks?” patients indicated their responses on a

6-point Likert-type scale (‘Every day’, ‘More than once a

week’, ‘Once a week’, ‘Once every 2 weeks’, ‘Once a month’

or ‘Never’). A second item assessed the frequency of drug

holidays. These were assessed as following: patients were

asked “Did you miss more than one consecutive dose of

your (immunosuppressive) medication in the past

4 weeks?” (‘yes’/’no’) [14]. A positive outcome of MNA

and IMNA was defined as any missed doses; having missed
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at least one dose of medication and/or having missed two

or more consecutive doses over the past 4 weeks.

Concurrent validity of the BAASIS© self-report items

has been demonstrated in a Brazilian kidney transplant

sample [17]. Predictive validity was established in a study

in liver transplant recipients which demonstrated that

IMNA (as assessed by the BAASIS©) was predictive of the

5-year incidence of late acute rejection [18]. Predictive

validity has also been established in the Swiss HIV cohort

study [19,20], where missed doses from the taking adher-

ence dimension showed a linear relationship with optimal

viral suppression [19]. Other work in HIV patients sup-

ports these items’ validity relative to electronic monitor-

ing [21], and predictive validity of the taking adherence

item was also indicated in a large hypertension study

[22].

Importantly, Switzerland has no easily accessible data-

base of pharmacy refill records, the STCS includes no infor-

mation on assays of immunosuppressive drugs, and

electronic monitoring is too complex and expensive to be

integrated into such a large and lengthy study; therefore,

self-reporting was the only medication nonadherence

assessment method feasible for the STCS (see also Discus-

sion section) [23].

Data collection

Swiss Transplant Cohort Study data collection includes

biomedical, genetic, psychosocial and behavioural variables

[13,14]. Since May 2008, all patients, evaluated and wait-

listed for transplantation in Switzerland have been invited

to participate in the STCS, along with any patients already

on transplant waiting lists. After providing written

informed consent, patients complete the pretransplant

PSQ. After transplantation, each participant is sent the PSQ

to complete at a designated data collection point. PSQ

completeness is checked by local STCS data managers, after

which data are entered into the central database. Further

details on STCS data collection have been published else-

where [13,14].

Analysis

Descriptive statistics included frequencies, proportions,

and measures of central tendency (mean, median) and dis-

persion (standard deviation, interquartile range) as appro-

priate based on measurement level and distribution.

To test the magnitude and evolution of nonadherence

from pretransplant until 3 years post-transplant, logistic

regression was used, with parameters estimated via general-

ized estimating equations (GEE) – a widely-used method of

adjusting for lack of independence in longitudinal data col-

lected via repeated measurement [24]. As the STCS is an

open cohort, subjects are continuously enrolled; therefore,

they were followed up for various periods. GEE models are

particularly suited to the analysis of data with unequal

numbers of measurements per individual and unequal peri-

ods between measurements. The analyses were adjusted for

organ transplant group, age, gender, education, living

alone, depressive symptomatology and the number of

months between pretransplant measurement and the trans-

plantation date [24]. The latter variable was included

because the intervals between completing the pretransplant

PSQ and receiving the transplant could vary substantially.

Differences in nonadherence across and within organ

groups were compared by adding the interaction terms

‘organ’ and ‘measurement time’ to the regression analysis

and specifying relevant contrasts. Time was considered a

categorical variable (pretransplant, month 6, 12, 24 and

36), except with the sub-analysis testing post-transplant

IMNA between organ types (month 6 through month 36).

To test whether pretransplant MNA was predictive for

post-transplant IMNA, a similar logistic regression model

using GEE was fitted with pretransplant MNA as a covari-

ate.

Three sensitivity analyses were conducted to check the

robustness of the findings in relation to the sample

included and scoring of the nonadherence variable. A first

sensitivity analysis included patients initially excluded from

the study due to not taking pretransplant medication. A

second sensitivity analysis included only patients with com-

pleted adherence assessments until the 2nd year post-trans-

plant. The third sensitivity analysis used ordinal scores of

the taking nonadherence variable instead of the dichoto-

mous score (see outcome variable definitions in variables

and measurement section).

All analyses were performed using SAS 9.3.1. (SAS Insti-

tute Inc., Cary, NC, USA). The level of significance was set

at P < 0.05.

Results

Sample characteristics

As of August 2013, 1505 of 2400 STCS patients fulfilled the

inclusion criteria for the current study (see Fig. 1). Because

STCS enrolment is continuous and all eligible patients were

included in the analysis irrespective of the duration of post-

transplant follow-up, various numbers of patients can be

observed for the different follow-up times (Fig. 1). Only a

limited number of patients dropped out of the study prior

to closure due to death (n = 154), moving away (n = 4),

and graft dysfunction (n = 38). Figure 1 provides the over-

all sample size and the figures per individual organ group

at each data collection point.

At the time of transplantation, the average age of patients

was 52.5 (SD: 13.1) years, almost two-thirds were male

(63.7%), and most were married or living with a partner
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(66.6%). Of the four transplant groups, kidney recipients

were the largest group (61.4%), followed by liver (18.2%),

lung (12.0%) and heart (8.4%) patients (Table 1).

Description of the evolution of MNA

The evolution of MNA is depicted in Fig. 2. Overall MNA

decreased from pretransplant to 6 months post-transplant,

after which IMNA increased consistently from 6 months to

3 years post-transplant. The overall magnitude of reported

taking nonadherence was 26.6% at the time of pretrans-

plant enrolment, 7.6% at 6 months, 12.3% at 1 year, 14.1%

at 2 years and 17.4% at 3 years (Table 2; Fig. 2). The mag-

nitude of drug holidays was highest pretransplant (4.1%),

and remained relatively stable during the post-transplant

observation period (1.4% at 6 months, 1.9% at 1 year,

1.9% at 2 years and 0.9% at 3 years) (Table 2).

Relevant differences in magnitude and evolution of

MNA were found among the four organ groups. The vari-

ability among organ groups in view of pretransplant MNA

was greater compared to post-transplant IMNA; lung and

kidney transplant candidates showed the highest MNA pre-

transplant and heart transplant candidates the lowest, while

liver transplant patients reported the highest levels of

post-transplant IMNA. Post-transplant IMNA increased in

all four organ transplant groups compared to pretransplant

magnitude of MNA. The evolution of MNA in lung

transplant patients’ was comparable to the evolution of the

overall sample with the exception of a decrease at 3 years

post-transplant (Table 2; Fig. 2).

Comparison of nonadherence within and among solid

organ transplant groups

Inferential statistical analysis confirmed that, compared to

heart transplant candidates, pretransplant MNA was con-

sistently higher in liver (adjusted odds ratio (aOR): 3.47;

95% CI: 1.70–7.08), kidney (aOR: 5.02; 95% CI: 2.59–9.75)
and lung transplant candidates (aOR: 5.11; 95% CI: 2.47–
10.53). Liver transplant candidates showed significantly

lower levels of MNA pre-transplant compared to kidney

(aOR: 0.69; 95% CI: 0.49–0.98) transplant candidates. No
significant pretransplant differences were found either

between lung and kidney recipients (aOR: 0.98; 95% CI:

0.68–1.41), or between liver and lung recipients (aOR: 1.47;

95% CI: 0.93–2.31).
During the post-transplant period, significantly higher

IMNA was found in liver recipients compared to heart

(aOR: 2.23; 95% CI: 1.15–4.31) and lung transplant cases

(aOR: 2.88; 95% CI: 1.50–5.52). Also, IMNA in kidney

Patients in baseline data set N = 2400

N = 2260

No informed consent provided (n = 140)

Below 18 years at time of pre-Tx assessment 
(n = 115)

N = 2145

Multiple transplants (n = 105)

N = 2040 
Baseline PSQ not available (n = 218)

N = 1822 

N = 1758

Patients without kidney, heart, liver or lung
transplants (n = 64)

N = 1505

Patients taking no medication at baseline (n = 51); 
baseline adherence measurement missing (n = 202)

Total Kidney Liver Lung Heart
Pre-Tx 1505 924 274 181 126
6 mo 1095 688 196 130 81
12 mo 945 600 158 107 79
24 mo 653 434 99 69 51
36 mo 400 259 68 41 32

Figure 1 Flowchart showing the included sample as selected from the STCS overall sample. Tx, transplantation; PSQ, Psychosocial Questionnaire.
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transplant patients was higher than that of lung transplant

patients (aOR: 2.00; 95% CI: 1.10–3.65).
The evolution of nonadherence in the entire sample

(Fig. 2; Table 3) showed that the odds of MNA pre-trans-

plant were over four times higher at enrolment than

6 months post-transplant (aOR: 4.61; 95% CI: 3.58–5.94).
However after the 6-month assessment, odds of post-TX

IMNA were almost three times higher by month 36 (aOR:

2.75; 95% CI: 1.97–3.85). Within each organ group, a pat-

tern of increasing post-transplant IMNA was observed

(kidney aOR: 1.02; 95% CI: 1.01–1.04; liver aOR: 1.03; 95%
CI: 1.01–1.06; lung aOR: 1.03; 95% CI: 0.99–1.06; heart
aOR: 1.05; 95% CI: 1.01–1.08). A post-hoc test showed that

the decrease in IMNA among lung transplant patients

between months 24 and 36 was not significant (P = 0.15).

This deviation from the overall pattern might result

from the small sample size (N = 46) at 36 months post-

transplant.

Pre-transplant MNA as a risk factor for post-transplant

IMNA

Pre-transplant MNA predicted post-transplant IMNA with

an adjusted odds ratio of 3.04 (95% CI: 2.28–4.04) in uni-

variate analysis. Multivariate analysis confirmed this find-

ing (aOR 3.10; 95% CI: 2.29–4.21) (Table 3).

Sensitivity analysis

A first sensitivity analysis focused on patients who were not

prescribed medications pretransplant (N = 51). The preva-

Table 1. Sample characteristics (n = 1505).

Variable Specification variable Values

Age at time of Tx Mean (SD) in years 52.5 (13.1)

Gender Female – n (%) 546 (36.3)

Marital status, n (%) Single 266 (17.7)

Married/living

together

1002 (66.6)

Widow/widower 40 (2.6)

Divorced 149 (9.9)

Separated 36 (2.4)

Answer refused 12 (0.8)

Highest completed

educational degree,

n (%)

No completed school

or professional

education

66 (4.4)

Mandatory school

(9 years)

341 (22.7)

Vocational school 598 (39.7)

Qualified for university 80 (5.3)

Higher professional

education

130 (8.6)

Higher school 84 (5.6)

University, college 143 (9.5)

Organ type, n (%) Kidney 924 (61.4)

Liver 274 (18.2)

Lung 181 (12.0)

Heart 126 (8.4)

Depressive

symptomatology – HADS

total score

Mean (SD) 8.7 (1.8)

Time between inclusion in

STCS and Tx

Median (interquartile

range) in months

8.4 (0.2–12.7)

Tx, transplantation; STCS, Swiss Transplant Cohort Study; HADS, Hospi-

tal Anxiety and Depression Scale [15].
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Figure 2 Evolution of medication nonadherence from pretransplant to 3 years post-transplant. Tx, transplantation.
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Table 2. Magnitude of nonadherence (taking nonadherence and drug holidays) at different observation points overall, among and between organ

groups.

Assessment time

All organs Per solid organ transplant group

Taking nonadherence: N (%) Drug holidays: N (%) Organ Taking nonadherence: N (%) Drug holidays: N (%)

Pre-Tx 400 (26.6) 53 (4.1) Kidney 277 (29.0) 41 (5.1)

Liver 59 (21.5) 8 (3.4)

Lung 54 (29.8) 2 (1.4)

Heart 10 (7.9) 2 (1.9)

6 months 79 (7.6) 11 (1.4) Kidney 55 (8.5) 8 (1.6)

Liver 17 (9.4) 3 (2.2)

Lung 3 (2.3) 0 (0)

Heart 4 (5.1) 0 (0)

12 months 110 (12.3) 13 (1.9) Kidney 71 (12.5) 8 (1.8)

Liver 24 (16.2) 3 (2.6)

Lung 10 (9.6) 1 (1.3)

Heart 5 (6.5) 1 (1.9)

24 months 86 (14.1) 8 (1.9) Kidney 52 (12.8) 5 (1.8)

Liver 20 (22.7) 1 (1.3)

Lung 9 (13.0) 1 (2.3)

Heart 5 (10.6) 1 (3.1)

36 months 65 (17.4) 2 (0.9) Kidney 41 (17.3) 1 (0.7)

Liver 15 (23.8) 0 (0)

Lung 3 (7.3) 0 (0)

Heart 6 (18.8) 1 (7.1)

Tx, transplantation. The table presents the valid percentages.

Table 3. Modelling of nonadherence over time and across different organ transplants.

Parameter Contrast

Evolution of medication

nonadherence from

pre- to 3 years post Tx (n = 1475)

Prediction of post-Tx nonadherence

by pre-Tx nonadherence (n = 1166)§

Adjusted odds ratio

(95% Confidence limit) P

Adjusted odds ratio

(95% Confidence limit) P

Pre-Tx nonadherence (Variable not included) 3.10 (2.29–4.21) <0.0001

Data collection point Pre-Tx versus month 6* 4.61 (3.58–5.94) <0.0001 (Time point not included)

Month 12 versus month 6 1.69 (1.27–2.25) 0.0003 1.69 (1.27–2.25) 0.0003

Month 24 versus month 6 2.13 (1.58–2.87) <0.0001 1.15 (1.59–2.92) <0.0001

Month 36 versus month 6 2.75 (1.97–3.85) <0.0001 2.89 (2.05–4.08) <0.0001

Organ group Heart versus kidney 0.34 (0.21–0.56) <0.0001 0.93 (0.49–1.73) 0.81

Liver versus kidney 1.00 (0.75–1.33) 0.95 1.58 (1.09–2.30) 0.01

Lung versus kidney 0.76 (0.56–1.05) 0.10 0.49 (0.26–0.90) 0.02

Depressive symptoms 0.96 (0.91–1.01) 0.14 0.96 (0.88–1.04) 0.53

Highest educational degree 1.10 (1.03–1.16) 0.001 1.08 (1.00–1.18) 0.04

Living alone 1.14 (0.91–1.42) 0.22 1.39 (1.01–1.91) 0.04

Age per 10 years 0.77 (0.71–0.85) <0.0001 0.88 (0.75–1.04) 0.15

Gender Female versus male 0.82 (0.65–1.02) 0.08 0.92 (0.67–1.26) 0.61

Months between inclusion in

STCS and Tx

1.00 (0.99–1.01) 0.61 0.99 (0.98–1.01) 0.74

Tx, transplantation; STCS, Swiss Transplant Cohort Study.

Results of the multivariable logistic regression analysis modelling the odds of (post-transplant) immunosuppressive medication nonadherence. For

example the odds ratio in *can be interpreted as the odds of nonadherence at enrolment compared to the reference category of nonadherence

6 months after adjusting for organ, age, gender and time between inclusion in STCS and Tx. The table presents the analysis without interaction term

between time and organ.

§This sample (n = 1166) includes all recipients with at least one post-transplant follow-up assessment.
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lence of IMNA in this group was 13.5% at 6 months, 5.9%

at 12 months, 7.4% at 24 months and 23.1% at 36 months,

compared to 7.6%, 12.3%, 14.1% and 17.4% in patients

who had been prescribed medications pretransplant

(N = 1505), respectively. We also observed an increase in

IMNA among the pretransplant unmedicated group from 6

to 36 months post-transplant, but the long-term pattern is

not as clear as that in the main analysis.

Two other sensitivity analyses, including only patients

with completed adherence assessments until the 2nd year

post-transplant and using ordinal scores of the nonadher-

ence variable instead of the dichotomous score, respec-

tively, confirmed the robustness of our analyses (see

Table 3).

Discussion

The current study used data from patients participating in

the STCS, which includes 93% of all patients who have

received solid organ transplants in Switzerland since May

2008 [13]. To our knowledge the STCS is the only prospec-

tive cohort study in solid organ transplantation that has

included medical nonadherence, a major risk factor for

poor outcome [2], in its standard assessments [13,14]. The

STCS instrument is therefore uniquely useful to study the

evolution of MNA from pre-transplant to life-long post-

transplant and to assess pretransplant MNA as a risk factor

for post-transplant IMNA in all four solid organ transplant

groups concurrently.

For the first time, this study used a single methodology

to show the concurrent evolution of MNA from pretrans-

plant to 3 years post-transplant in all four major solid

organ transplant groups. MNA was highest pretransplant.

Across organ groups, less variability was observed in post-

transplant IMNA compared to pretransplant MNA (Fig. 2).

Despite a decline in magnitude of nonadherence from pre-

transplant to 6 months post-transplant, we observed an

overall increase in medication nonadherence from 6 to

36 months post-transplant. Other studies have also found

IMNA increases over time post-transplant; yet these studies

were limited to the first and/or second year post-transplant

and only included kidney or cardiothoracic transplant

recipients [1,9,10,12,25,26]. Post-transplant, liver trans-

plant patients consistently showed the highest magnitude

of IMNA. Further, our analyses demonstrated that pre-

transplant MNA was predictive of post-transplant IMNA

over 3 years post-transplant. These findings are discussed

below in greater detail.

Pretransplant nonadherence

Our description of MNA’s magnitude and evolution shows

several interesting findings. Pretransplant MNA varied

considerably among organ groups, with lung, kidney and

liver transplant candidates showing significantly higher lev-

els than heart transplant candidates. This confirms previous

findings by our group [27,28]. Heart transplant candidates

had the lowest MNA levels pretransplant. This might reflect

the extensive pretransplant self-management support

offered by Swiss heart failure clinics. The high levels of pre-

transplant MNA in the other three solid organ transplant

groups warrant attention. In patients with end-stage organ

disease, MNA increases the risk of poor clinical outcomes.

A meta-analysis by Simpson et al. [29] demonstrated that

good medication adherence in chronically ill patients is

associated with a 24% lower risk for mortality. Given this

finding, it might be hypothesized that tackling the issue of

MNA pretransplant would reduce waiting list mortality.

Post-transplant nonadherence literature

In view of post-transplant IMNA magnitude among differ-

ent solid organ transplant groups, our findings compare

interestingly with those of previous studies, most of which

used cross-sectional designs and included two or more

solid organ transplant groups concurrently [10,30–36]. It is
also useful to compare them with Dew et al.’s meta-analysis

[1] summarizing the magnitude of medication nonadher-

ence post-transplant in renal, liver and heart transplant

patients. In both cases, our findings include both similari-

ties and contrasts.

A study comparing IMNA among heart and lung trans-

plant patients found lower IMNA in lung recipients than

heart recipients (13% vs. 21%, P = 0.035) by 2 years post-

transplant [10]. And Goetzmann et al. [30] found that

overall medical regimen nonadherence (including immu-

nosuppressives) was lowest in lung transplant recipients

(liver > kidney > heart > lung transplant). However, Ger-

mani et al. [31] reported lower IMNA in kidney recipients

(14%) than in liver (26.2%), heart (26.9%) or lung (30.8%)

recipients (P = 0.008). Still other studies found no signifi-

cant differences among heart, liver and lung transplant

groups [32–34]. Morales et al. [35] found no significant

difference in IMNA between liver and kidney transplant

recipients. In contrast, Dharancy et al. [36] (the French

PREDICT study) reported that fewer kidney transplant

patients indicated immunosuppressive adherence (27%)

than liver transplant recipients (60%); and in a meta-analy-

sis of kidney, liver and heart transplant studies, Dew et al.

[1] reported that kidney recipients showed the highest

IMNA and liver recipients the lowest.

Our finding that liver transplant recipients consistently

showed the highest magnitude of IMNA post-transplant is

novel, but is in line with another Swiss study [30] reporting

that liver transplant patients had the highest level of

overall nonadherence compared to lung, heart and renal
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transplant recipients. Yet, this finding contrasts with other

studies cited above [31–36], as well as with Dew et al.’s

meta-analysis, in which liver transplant recipients had the

lowest nonadherence level. Part of this disagreement may

result from Dew et al.’s use of studies with disparate

designs, sampling methods, measurement methods and

operational definitions. Indeed, given that the present study

used a single data source (STCS data), and used a single

methodology to examine the four organ transplant groups

simultaneously, it can be argued that our findings are

methodologically very sound and provide the transplant

community the most reliable information to date on the

magnitude and evolution of MNA within and among the

four major solid organ transplant groups.

Pretransplant MNA predicts post-transplant IMNA

Our study also confirmed the findings of Dobbels et al. [8]

that pretransplant MNA is predictive of post-transplant

IMNA. Based on this finding, even before transplantation,

patients especially prone to post-transplant IMNA could

benefit from preventive and restorative interventions.

Initiation of adherence interventions

Both pretransplant and post-transplant, targeted adherence

interventions are best integrated as part of standard care,

monitoring IMNA alongside other relevant clinical param-

eters. Of the medication nonadherence measurement meth-

ods currently available, self-reporting is the most accessible,

least expensive and simplest to integrate into daily clinical

practice [23,37]. The two BAASIS� items used in the STCS

can easily be integrated in the clinical interview. Transplant

clinicians can also benefit from training in communication

and behavioural intervention techniques to tackle IMNA.

Various techniques for doing so are described elsewhere

[37,38].

Methodological considerations

This study is based on written medication adherence self-

reports – collected via the BAASIS© instrument – and a

stringent operational definition of IMNA. Three arguments

support these choices. First, although patients tend to

underreport nonadherence [39], in light of available

resources and the size of the STCS, self-reporting was the

only feasible assessment method. Second, the authors chose

the BAASIS© instrument because, in a recent publication,

our group ranked it as one of the top 14 instruments evalu-

ated to assess self-reported IMNA [16]. Recent evidence

has shown the predictive and concurrent validity of the BA-

ASIS� in a liver and kidney transplant sample [17]. Finally,

our stringent definition of nonadherence (i.e., missing one

or more doses over the past 4 weeks) reflects the limited

forgiveness of IMNA regarding clinical outcomes in trans-

plantation [2]. Indeed, studies assessing the relationship

between subclinical IMNA and acute rejection and/or graft

loss in kidney and heart transplantation indicate a clinically

meaningful threshold of 5% for IMNA. At the population

level, this implies that transplant patients taking <95% of

their medications are at a significantly increased risk of

poor clinical outcomes [5,11,40].

This study’s sensitivity analyses indicated stable patterns

of variability among organ groups, the evolutionary pat-

tern, and the findings regarding the predictive value of pre-

transplant MNA for post-transplant IMNA. This stability

suggests robustness in the tested findings.

Focus of future studies in STCS

Further follow-up of the STCS cohort will allow assessment

of whether IMNA continues to increase after 3 years post-

transplant. Future STCS work will also focus on risk factors

for nonadherence by modelling socio-demographic,

behavioural, psychosocial and biomedical factors longitudi-

nally in relation to medication nonadherence. It will also

focus on assessing the impact of IMNA on outcomes

including not only acute rejection, graft loss and mortality,

but newer relevant parameters such as renal function [3].

Finally, the STCS did not include sufficient small bowel,

pancreatic islet or composite tissue transplants to include

the related patient groups in this analysis. Therefore, a

number of questions, particularly concerning comparisons

of magnitudes and evolutionary patterns of these groups’

MNA, remain open for study.

Conclusion

Using the STCS as a research framework, this study is

the first prospective assessment of the evolution of MNA

to simultaneously study kidney, liver, heart and lung

transplant patients from pretransplant to 3 years post-

transplant. Pretransplant nonadherence varied between

organ groups, with heart transplant patients reporting

the lowest levels. A continuous increase was observed in

post-transplant IMNA. Liver transplant recipients had

the highest level of IMNA post-transplant. Pretransplant

nonadherence predicted post-transplant IMNA. It is

therefore advisable to assess MNA during pretransplant

evaluation, and to target nonadherent patients for early

intervention.

Authorship

SDG, HB, LaB, LuB, TRG and KD: participated in research

design. SDG, HB, LaB, LuB, TRG, KD and Psychosocial

664 © 2014 Steunstichting ESOT 27 (2014) 657–666

Evolution of nonadherence in transplantation De Geest et al.



Interest Group: members participated in writing the paper.

SDG, HB, LaB, LuB, TRG, KD, the Psychosocial Interest

Group and Swiss Transplant Cohort Study: participated in

performance of the research. SDG, TRG and KD: partici-

pated in data analysis.

Funding

The Swiss Transplant Cohort Study is funded by a grant

from the Swiss National Research Foundation (Grant num-

ber 3347CO-108795). This work is further supported by

unrestricted research grants from Astellas (CH & Europe),

Roche (CH) and Novartis (CH).

References

1. Dew MA, DiMartini AF, De Vito Dabbs A, et al. Rates and

risk factors for nonadherence to the medical regimen after

adult solid organ transplantation. Transplantation 2007; 83:

858.

2. De Geest S, Denhaerynck K, Dobbels F. Clinical and eco-

nomic consequences of nonadherence to immunosuppres-

sive drugs in adult solid organ transplantation. Compliance

in solid organ transplantation (Invited Editor: Dr. Federico

Oppenheimer). In: Griny�o J, ed. International Transplanta-

tion Updates. Barcelona, Spain: Permanyer Publications,

2011: 63–81.

3. Vlaminck H, Maes B, Evers G, et al. Prospective study on

late consequences of subclinical noncompliance with immu-

nosuppressive therapy in renal transplant patients. Am J

Transplant 2004; 4: 1509.

4. Butler JA, Roderick P, Mullee M, Mason JC, Peveler RC.

Frequency and impact of nonadherence to immunosuppres-

sants after renal transplantation: a systematic review. Trans-

plantation 2004; 77: 769.

5. Pinsky BW, Takemoto SK, Lentine KL, Burroughs TE,

Schnitzler MA, Salvalaggio PR. Transplant outcomes and

economic costs associated with patient noncompliance to

immunosuppression. Am J Transplant 2009; 9: 2597.

6. Dobbels F, De Geest S, Cleemput I, et al. Psychosocial and

behavioral selection criteria for solid organ transplantation.

Prog Transplant 2001; 11: 121; quiz 31–2.

7. Dobbels F, Verleden G, Dupont L, Vanhaecke J, De Geest S.

To transplant or not? The importance of psychosocial and

behavioural factors before lung transplantation. Chron

Respir Dis 2006; 3: 39.

8. Dobbels F, Vanhaecke J, Dupont L, et al. Pretransplant pre-

dictors of posttransplant adherence and clinical outcome:

an evidence base for pretransplant psychosocial screening.

Transplantation 2009; 87: 1497.

9. Dew MA, Roth LH, Thompson ME, Kormos RL, Griffith

BP. Medical compliance and its predictors in the first year

after heart transplantation. J Heart Lung Transplant 1996;

15: 631.

10. Dew MA, Dimartini AF, De Vito Dabbs A, et al. Adherence

to the medical regimen during the first two years after lung

transplantation. Transplantation 2008; 85: 193.

11. Nevins TE, Thomas W. Quantitative patterns of azathio-

prine adherence after renal transplantation. Transplantation

2009; 87: 711.

12. Couzi L, Moulin B, Morin MP, et al. Factors predictive of

medication nonadherence after Renal transplantation: a

French Observational Study. Transplantation 2013; 95: 326.

13. Koller MT, van Delden C, Muller NJ, et al. Design and

methodology of the Swiss Transplant Cohort Study (STCS):

a comprehensive prospective nationwide long-term follow-

up cohort. Eur J Epidemiol 2013; 28: 347.

14. De Geest S, Burkhalter H, Berben L, et al. The Swiss Trans-

plant Cohort Study’s framework for assessing lifelong psy-

chosocial factors in solid-organ transplants. Prog Transplant

2013; 23: 235.

15. Zigmond AS, Snaith RP. The hospital anxiety and depres-

sion scale. Acta Psychiatr Scand 1983; 67: 361.

16. 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.

17. Marsicano Ede O, Fernandes Nda S, Colugnati F, et al.

Transcultural adaptation and initial validation of Brazilian-

Portuguese version of the Basel assessment of adherence to

immunosuppressive medications scale (BAASIS) in kidney

transplants. BMC Nephrol 2013; 14: 108.

18. Ducci J, De Simone P, Denhaerynck K, Dobbels F, De Geest

S. Clinical consequences of subclinical non adherence to

immunosuppression after liver transplantation. Transplant

Int 2013; 26(Suppl. 2): 146.

19. Glass TR, De Geest S, Weber R, et al. Correlates of self-

reported nonadherence to antiretroviral therapy in HIV-

infected patients: the Swiss HIV Cohort Study. J Acquir

Immune Defic Syndr 2006; 41: 385.

20. Glass TR, De Geest S, Hirschel B, et al. Self-reported non-

adherence to antiretroviral therapy repeatedly assessed by

two questions predicts treatment failure in virologically sup-

pressed patients. Antivir Ther 2008; 13: 77.

21. Deschamps AE, De Geest S, Vandamme AM, Bobbaers H,

Peetermans WE, Van Wijngaerden E. Diagnostic value of

different adherence measures using electronic monitoring

and virologic failure as reference standards. AIDS Patient

Care STDS 2008; 22: 735.

22. Villa L, Abraham I, MacDonald K, Denhaerynck K. Correla-

tion of physician-rated adherence with therapeutical out-

comes in antihypertensive treatment: pooled analysis

findings from six valsartan studies including 15,583 available

patients. Value in Health 2011; 14: A383.

23. Dobbels F, De Geest S. How to identify nonadherence to

immunosuppressive medication in organ transplant recipi-

ents? Current insights and future challenges.Compliance in

solid organ transplantation (Invited Editor: Dr. Federico

Oppenheimer). In: Griny�o J, ed. Included in the Series

© 2014 Steunstichting ESOT 27 (2014) 657–666 665

De Geest et al. Evolution of nonadherence in transplantation



International Transplantion Updates 2011. Barcelona, Spain:

Permanyer Publications, 2011: 1–19.

24. Zeger SL, Liang KY. Longitudinal data analysis for discrete

and continuous outcomes. Biometrics 1986; 42: 121.

25. Nevins TE, Kruse L, Skeans MA, Thomas W. The natural

history of azathioprine compliance after renal transplanta-

tion. Kidney Int 2001; 60: 1565.

26. Chisholm MA, Vollenweider LJ, Mulloy LL, et al. Renal

transplant patient compliance with free immunosuppressive

medications. Transplantation 2000; 70: 1240.

27. Dobbels F, Vanhaecke J, Desmyttere A, Dupont L, Nevens F,

De Geest S. Prevalence and correlates of self-reported pre-

transplant nonadherence with medication in heart, liver, and

lung transplant candidates. Transplantation 2005; 79: 1588.

28. Dobbels F, Vanhaecke J, Nevens F, et al. Liver versus cardio-

thoracic transplant candidates and their pretransplant psy-

chosocial and behavioral risk profiles: good neighbors or

complete strangers? Transpl Int 2007; 20: 1020.

29. Simpson SH, Eurich DT, Majumdar SR, et al. A meta-analy-

sis of the association between adherence to drug therapy and

mortality. BMJ 2006; 333: 15.

30. Goetzmann L, Ruegg L, Stamm M, et al. Psychosocial pro-

files after transplantation: a 24-month follow-up of heart,

lung, liver, kidney and allogeneic bone-marrow patients.

Transplantation 2008; 86: 662.

31. Germani G, Lazzaro S, Gnoato F, et al. Nonadherent behav-

iors after solid organ transplantation. Transplant Proc 2011;

43: 318.

32. Kung M, Koschwanez HE, Painter L, Honeyman V, Broad-

bent E. Immunosuppressant nonadherence in heart, liver,

and lung transplant patients: associations with medication

beliefs and illness perceptions. Transplantation 2012; 93:

958.

33. Sankaranarayanan J, Collier D, Furasek A, et al. Rurality

and other factors associated with adherence to immunosup-

pressant medications in community-dwelling solid-organ

transplant recipients. Res Social Adm Pharm 2012; 8: 228.

34. De Bleser L, Dobbels F, Berben L, et al. The spectrum of

nonadherence with medication in heart, liver, and lung

transplant patients assessed in various ways. Transpl Int

2011; 24: 882.

35. Morales JM, Varo E, Lazaro P. Immunosuppressant treat-

ment adherence, barriers to adherence and quality of life in

renal and liver transplant recipients in Spain. Clin Trans-

plant 2012; 26: 369.

36. Dharancy S, Giral M, Tetaz R, Fatras M, Dubel L, Pageaux

GP. Adherence with immunosuppressive treatment after

transplantation: results from the French trial PREDICT. Clin

Transplant 2012; 26: E293.

37. 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.

38. De Geest S, Burkhalter H, De Bleser L, et al. Nonadherence

to immunosuppressive drugs in transplantation: what can

clinicians do? J Renal Nurs 2010; 2: 59.

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

Geest S. Diagnostic accuracy of measurement methods

to assess nonadherence to immunosuppressive drugs in

kidney transplant recipients. Am J Transplant 2008; 8:

616.

40. De Geest S, Abraham I, Moons P, et al. Late acute rejection

and subclinical noncompliance with cyclosporine therapy in

heart transplant recipients. J Heart Lung Transplant 1998;

17: 854.

Appendix

Psychosocial Interest Group: Berben Lut, Bogert Laura, Bon-

zanigo Andreina, Burkhalter Hanna, De Geest Sabina, Den-

haerynck Kris, Glass Tracy R, Kirsch Monika, Mauthner

Oliver, Schmidt-Trucks€ass Arno (University of Basel);

Gerull Sabine, Kiss Alexander, Koller Michael T (University

Hospital of Basel); Huynh-Do Uyen (University Hospital

of Bern); Janke Elsa (University Hospital of Geneva);

Catana Emmanuelle (University Hospital of Lausanne);

Piot-Ziegler Chantal, Rapo Christel, Simcox Amira (Uni-

versity of Lausanne); Brucher Angela, Klaghofer Richard,

Schmid-Mohler Gabriela (University Hospital of Z€urich);

Binet Isabelle, K€unzler-Heule Patrizia (Cantonal Hospital

of St. Gallen); Beckmann Sonja (University of Basel, Uni-

versity Hospital of Z€urich); Ivanovi�c Nata�sa (University of

Basel, Cantonal Hospital of St. Gallen).

Swiss Transplant Cohort Study: This study has been con-

ducted within the framework of the Swiss Transplant

Cohort Study, supported by the Swiss National Science

Foundation and the Swiss University Hospitals (G15) and

transplant centres. Persons responsible for the Swiss Trans-

plant Cohort Study: Isabelle Binet (SNSF Board), Heiner C

Bucher (Epidemiology), Leo Buehler (SNSF Board), Chris-

tian van Delden (Executive office, SNSF Board), Jakob Pas-

sweg (SNSF Board), Paul Mohasci (SNSF Board), Nicolas J

Mueller (Chairman of the Scientific Committee, SNSF

Board), Manuel Pascual (Executive office, SNSF Board),

J€urg Steiger (Executive office, SNSF Board), Thomas Fehr

(SNSF Board).

666 © 2014 Steunstichting ESOT 27 (2014) 657–666

Evolution of nonadherence in transplantation De Geest et al.


