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INTRODUCTION
Medication nonadherence (NA) is a critical behavioral 
risk factor for poor posttransplant clinical and economic 
outcomes.1 To identify transplant recipients at risk, the 
international Consensus on Managing Modifiable Risk in 
Transplantation (COMMIT) guidelines recommend moni-
toring NA to immunosuppressive drugs as a fifth vital 
sign.2 Adherence to a medication regimen, defined in the 
Ascertaining Barriers for Compliance (ABC) taxonomy as 
the process by which patients take their medications as pre-
scribed, consists of 3 interrelated phases: initiation, imple-
mentation, and (dis)continuation.3 Initiation occurs when 
the patient takes the first dose of a prescribed medication. 
Implementation is the extent to which a patient’s actual 
dosing corresponds to the prescribed dosing regimen, from 
initiation until the last dose, and has 2 aspects, that is, tak-
ing (as prescribed versus skipped, extra, or reduced dos-
ing) and timing (as prescribed vs late or early).4 Within the 
context of NA, discontinuation occurs when the patient 
stops taking the prescribed medication against a clinician’s 
advice.

Because these phases are determined by different risk 
factors, which call for different interventional strategies to 
remediate, they need to be assessed separately. Numerous 
(non-)adherence assessment methods exist, with varying 
degrees of error and bias. Some are objective and gener-
ate a rich data collection (eg, electronic monitoring); oth-
ers result in sparser data collection. These include drug or 
drug metabolite monitoring or pharmacy refill records. 
More subjective sparse sampling methods include collat-
eral reports by healthcare workers or family members, 
pill counts, and retrospective self-report questionnaires. A 
richer but still biased method is the use of a patient diary 
(pen-and-paper or electronic).

No single method can be regarded as a gold standard.1 
Although the richest and most objective methods may yield 
very useful or accurate data, these methods are not neces-
sarily feasible and usable in daily clinical practice. Self-
report is inexpensive and easy to integrate in daily clinical 
routine; however, it has its drawbacks. One is its inher-
ent underreporting bias.5 Another is that, although several 
self-report measures have been proposed or are being used 
in transplantation, they often lack a conceptual basis and 
have unestablished psychometric properties.6

The Basel Assessment of Adherence to Immunosuppressive 
Medications Scale (BAASIS) is a self-report instrument (see 
Table 1) that is conceptually embedded in the ABC tax-
onomy and widely used in clinical practice and research 
projects. The latest version is a 6-item instrument assessing 
implementation (4 items), discontinuation (1 item), and 
initiation of related comedications (1 item added in 2019). 
The instrument, currently translated into 11 languages, is 
available in a written version and a patient interview (to 
be executed in a nonthreatening and nonjudgmental man-
ner).7 Although some single-center studies provide infor-
mation on its validity,8,9 its psychometric properties have 
not been extensively investigated.

The American Educational Research Association, the 
American Psychological Association, and the National 
Council on Measurement in Education provide guidance 
for studying psychometric properties of self-report instru-
ments by assessing their reliability (ie, the extent to which 
random errors of measurement determine the consistency/

precision of the scoring) and validity (ie, the degree to 
which evidence and theory support the interpretation of 
test scores for their proposed uses).10 Validity is consid-
ered a unitary concept consisting of 5 dimensions: test con-
tent-based evidence, relations to other variables, response 
processes, internal structure, and the consequences of the 
testing. This study’s aim was to address the validity of the 
BAASIS regarding its response processes, internal struc-
ture, and relations to other variables as well as to study 
its reliability.

MATERIALS AND METHODS

Design and Sample
We conducted a meta-analysis of the individual partici-

pant data, including data sets requested from the eligible 
studies’ corresponding authors or principal investigators. 
These persons were identified after searching the peer-
reviewed literature and our BAASIS database of clinical 
and research projects that had obtained permission to 
use the copyrighted scale.7 The literature search queried 
PubMed, Embase, and the Cochrane library until July 
2020 using BAASIS and Basel assessment of adherence 
as search terms. Eligible studies employed the BAASIS to 
assess adherence to immunosuppressives of adult (≥18 
years) transplant patients, and tested relationships between 
NA and other variables. Two reviewers (B.K. and K.D.) 
independently screened abstracts and obtained full articles 
if deemed potentially useful; then, both reviewers further 
examined the full texts independently regarding eligibil-
ity. As a final selection step, each candidate study was dis-
cussed among the 4 primary authors. Our own BAASIS 
database of clinical and research projects functioned as 
an additional source of candidate research, from which 
studies could be selected according to the same eligibility 
criteria as were used for those selected from the abstract 
databases.

Principle investigators or corresponding authors of eli-
gible studies were sent emails to invite them to share data, 
with 1 reminder sent in case of nonresponse. Those who 
responded received a list of variables to be shared and 
a link on a secured server, allowing them to upload the 
requested data (see later). They all also became members 
of the BAASIS consortium (see authorship list). In any case 
in which individual participants’ data were not available 
for a set of studies, the option of pooling the studies’ pub-
lished aggregated results for standard meta-analysis was 
also left open.

The variable selection process was guided by our previ-
ous work on determinants of NA. In addition to a lim-
ited set of basic criteria regarding sample characterization 
or variables necessary for a (proper) statistical analysis, 
2 topics were of particular interest: alternative measures 
of NA11 and variables with a record of established asso-
ciations with adherence.12–14 The selection process did not 
focus on reliability testing; however, when eligible studies 
allowed such testing, we collected the relevant data.

Ethical Considerations
As a secondary data analysis of existing data, no ethi-

cal approval was obtained. However, we verified that 
the included studies had obtained ethical approval and 
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followed guidelines regarding human patients. All data 
were anonymized before uploading. If local legislation 
required ethical approval for use of data in secondary 
analyses necessitating data sharing, this was obtained from 
the appropriate review boards.

Variables and Measurement
The following participant-level variables were requested 

from the original studies: demographics: age and sex; clini-
cal: type of transplanted organ and months since trans-
plantation; setting-related: transplant center; and study 
design-specific: study group allocation and time point of 
measurement for repeated-measurement studies. We also 
noted item responses on the BAASIS and ancillary infor-
mation on the version used (eg, written or interview and 
language).

A detailed explanation of the BAASIS questionnaire 
can be found on its website.7 In short, each of the 3 
phases of adherence is covered by at least 1 yes/no ques-
tion. Initiation and discontinuation are queried over a 1-y 

recall period, whereas the 4 implementation phase ques-
tions cover the past 4 wk. A frequency indication (on a 
5-point scale) is also requested for 3 of the 4 implementa-
tion phase questions, that is, questions on taking adher-
ence, drug holidays (skipping 2 or more doses in a row), 
and timing/regularity of medication intake (within 2 h 
of prescribed times). For an overview of items and their 
scoring, see Table  1. We handled implementation NA 
dichotomously: respondents who answered even one of 
the implementation questions positively were classed as 
nonadherent.15

To establish validity using evidence of the BAASIS’ 
relations to other variables, 3 groups of variables could 
be discerned. The first group consisted of data collected 
via other adherence measures (ie, electronic monitoring 
[EM], other self-report adherence measures, drug or drug 
metabolite monitoring, and collateral report); the second 
of psycho-behavioral constructs known to be associated 
with (non)-adherence; and the third of interventions to 
enhance adherence in transplant recipients.

TABLE 1.

Content of the BAASIS and alternative self-report NA assessment instruments

    BAASIS
Measure of adherence 
to treatment 

Morisky 
Medication 
Adherence 
Scale 

Immunosuppressant 
Therapy Adherence 
Scale 

Subject/dimension Item content Binary answer Frequency indication Frequency indication Binary answer Frequency indication

Adherence: 
implementation

Taking NA Yes/no 1, 2, 3, 4, >4 – Yes/no (2 
weeks); 
yes/no 
(yesterday)

>50%, 21%–50%, 
1%–20%, 0% of NA

 Drug holidays Yes/no (if taking 
NA = yes)

1, 2, 3, 4, >4 – – –

 Timing NA Yes/no 1, 2–3, 4–5 times, 
every 2–3 days, 
almost every day

Always (1) to never (6) – –

 Dose alteration Yes/no – – / /
Adherence: 

discontinuation
Stopped Yes/no – – / /

Adherence: 
initiation

New prescription filled 
and started

Yes/no – – – –

Barriers Forgetting – – Always (1) to never (6) Yes/no >50%, 21%–50%, 
1%–20%, 0% of NA

 Difficult remembering – – Always (1) to never (6) Yes/no –
 Dose alteration because 

forgetting day before
– – Always (1) to never (6) – –

 Forgetting because of 
travel

– – Always (1) to never (6) Yes/no –

 Running out of drugs – – Always (1) to never (6) – –
 Reasons beyond control – – – – –
 Carelessness – – – – >50%, 21%–50%, 

1%–20%, 0% of NA
Attitudes Feeling better/good – – Always (1) to never (6) Yes/no –
 Feeling worse – – Always (1) to never (6) Yes/no >50%, 21%–50%, 

1%–20%, 0% of NA
 Feeling hassled – – – Yes/no –
Total score NA if yes on ≥1 implementation item Lower total scores equal higher NA

BAASIS, Basel Assessment of Adherence to Immunosuppressive Medications Scale; NA, nonadherence.
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For EM, we calculated the following 3 parameters, all of 
which were congruent with the BAASIS recall period: the 
percentage of prescribed doses taken (taking adherence); 
the percentage of rightly timed doses taken (timing adher-
ence); and the number of doses skipped consecutively per 
monitored mo (drug holidays).

To determine adherence scores of other self-report 
instruments, we first calculated their scores according to 
their respective scoring manuals. We then standardized the 
scores with a mean of 0 and SD of 1. Details regarding the 
individual instruments can be found in Table 1.

For the drug monitoring assessment, we calculated the 
coefficient of variation over available tacrolimus trough 
levels because it was the most frequently used immunosup-
pressive drug and variability of its assays has previously 
been linked to NA.16

Regarding collateral report estimates from healthcare 
workers in routine patient care (ie, physicians and nurses), 
if any doubt was noted concerning the patient’s medica-
tion taking behavior, these were considered as NA.

The analyzable psycho-behavioral constructs we focused 
on were depressive symptomatology—a construct known 
to be positively associated with NA17—and 6 variables 
included in the Integrative Model of Behavioral Prediction. 
From a theoretical perspective, these are expected to cor-
relate with NA.18 In particular, barriers and unfavorable 
attitudes/beliefs are hypothesized to be positively associ-
ated with NA, while intention to adhere, self-efficacy, 
and favorable attitudes/beliefs and social norms should 
be negatively associated with it. Attitudes and norms are 
expected to show weaker associations because they influ-
ence behavior only distally, via the mediator variable of 
intention.

In terms of responsiveness to an intervention, we exam-
ined whether the BAASIS was able to distinguish changes 
in adherence behavior following adherence-enhancing 
interventions. A number of randomized controlled trials 
of complex behavioral interventions were available to 
check this aspect of validity. One set of studies, all using 
prepost study designs, also tested the effect of dosing regi-
men alterations (from 2 to 1 daily) on patients’ adherence 
reporting.

Our examination of validity evidence based on response 
processes focused on the readability of the BAASIS, that 
is, ensuring that the majority of respondents understand 
its questions. The used Flesch formula, which we applied 
to the text of the written questionnaire, yields a score 
between 0 and 100. Scores of 60–69 are considered stand-
ard, corresponding to the reading levels of grade 8 to 9, or 
normal 13- to 15-y-old students.19 Higher scores, which 
indicate that texts are easier to comprehend,20 would be 
beneficial for the instrument’s overall applicability. To 
ensure that people with low literacy are able to understand 
questions and instructions correctly, an appropriate read-
ing level would be grade 5 to 6 (ages 10–12 y). We also 
checked whether responses differed between the written 
and interview versions.

Examination of evidence based on internal structure 
involved checking interrelationships among 3 items of 
the implementation dimension. Because the fourth ques-
tion (on drug holidays) depends on the taking adherence 
answer, it was excluded. This analysis partly overlaps with 

the reliability check of the scale’s internal consistency. A 
further analysis of reliability dealt with testing response 
stability of items over time for those studies that used 
repeated measurements.

Statistical Analysis
Included variables are described per study and overall 

using frequencies, percentages, means, medians, SDs, and 
interquartile ranges, as appropriate. Standardized vari-
ables are described in their transformed versions.

Testing validity evidence based on relations to other 
variables required hypothesis testing (ie, comparison 
of the BAASIS with other adherence measures, psycho-
behavioral constructs, and adherence-enhancing inter-
ventions). For this step, we used generalized linear mixed 
modeling, regressing the validation variables onto both 
the individual responses for the dichotomous BAASIS 
questions on taking and timing NA and on the overall 
implementation score. We accounted for clustering at 
the study level, or in cases of multicenter studies, at each 
participating center, using random intercepts. For lon-
gitudinal studies, an extra random intercept was added 
to capture the time series nested within patients. If only 
published results were available, odds ratios (ORs) and 
their variances were extracted or reconstructed, then log-
arithmized and combined into an overall estimate using 
linear mixed modeling.21 In those cases, 2 random inter-
cepts represented the different studies and their repeated 
measurements.

To examine evidence based on internal structure and 
reliability, we used a Spearman’s rho interitem correlation 
matrix and a principal component analysis. To evaluate 
stability over time in patients who had repeated BAASIS 
measurements, we used intracluster correlation, expressing 
random-intercept variance (reflecting patients’ adherence 
level) as a percentage of total variability.

All effect sizes of individual and pooled studies are pre-
sented in forest plots, along with 95% confidence inter-
vals (CIs), probability values, and descriptive statistics. An 
alpha level of 0.05 was considered statistically significant. 
Analyses were performed in SAS 9.4 (SAS Institute, Cary, 
NC).

RESULTS

Sample Characteristics
Of a total of 84 original studies using the BAASIS, 

we contacted the authors of 35 (41.7%) to request data 
(Figure 1). Reasons for noneligibility were the inclusion 
of nontransplant or pediatric transplant populations (n 
= 20), lack of sufficient content to allow hypothesized 
relationship testing, for example, prevalence studies (n = 
17), and studies either that were still in the data collec-
tion phase or could not be fully scrutinized because they 
had not yet been published as full-text articles (n = 11). 
Of the selection of 35 eligible studies, 26 (74.3%) could 
be used in this meta-analysis—20 with individual par-
ticipant data8,9,11,12,22-41 (of which 1 was found through 
our own BAASIS database and was only available as a 
manuscript at the time of our analysis)22 and 6 using 
aggregated results extracted from the publications.42-48 
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Of the 9 studies that could not be used, 1 did not receive 
the needed ethics committee approval, 1 had no data 
available, 1 declined our invitation to participate in the 
BAASIS collaboration, and 6 did not respond to our 
invitation.

The included studies covered 17 countries and had vari-
able study designs—mostly cross-sectional observational 
studies with retro or prospective elements (depending on 
the variables studied) (Table  2). Half were multicenter 
studies. Thirteen employed the interview version of the 
BAASIS and 11 the written version and 2 versions were 
not known. All used 2 or more BAASIS questions to assess 
implementation of the immunosuppressive regimen. Nine 
included the discontinuation item, and 1 asked about med-
ication therapy initiation.

The included studies provided data on 12  109 trans-
plant recipients (Table 3). Individual-level data were pro-
vided for 11 474 (94.8%) of these; for the remaining 635 
(5.2%), data were aggregated at the study level. Patients’ 
mean age was 53.2 ± 13.3 y. Slightly fewer than two-thirds 
were male (64.1%), and at a mean of 43.8 ± 60.1 mo after 
transplantation. The majority had received kidney grafts 
(62.7%), followed by hearts (15.3%), livers (15.0%), and 
lungs (7.0%).

Overall, 14.6% reported having missed doses; skip-
ping >1 dose occurred in 1.6% of respondents (Table 4). 
Self-reported timing NA was 31.2%; 1.9% reported self-
initiated dose alterations. The percentage of recipients 
who checked yes for at least 1 implementation item was 
38.3%. Discontinuation issues were only reported in 0.4% 
of answers. A detailed description of the scoring frequen-
cies of all the BAASIS items of the different studies is avail-
able in the supplemental materials (Table S1, SDC, http://

links.lww.com/TP/C727 to Table S5, SDC, http://links.
lww.com/TP/C727).

Details of studies included in the various psychometric 
analyses are shown in Table 5. Results are summarized in 
Figure 2 and presented with at the individual study level 
in supplemental Figure S1, SDC, http://links.lww.com/TP/
C727 to Figure S15, SDC, http://links.lww.com/TP/C727.

Evidence Based on Relations to Other Variables 
(Part 1: Other Adherence Measures)

Self-reported taking NA, as measured by the BAASIS, 
was modeled using the predictor variable EM-measured 
percentages of prescribed medications taken (Figure S1, 
SDC, http://links.lww.com/TP/C727). The resulting model 
indicated that for each 10% higher the intake level was, 
the odds of self-reported NA were significantly lower (OR 
= 0.84; [95% CI, 0.72-0.99]; P = 0.03). Likewise, the odds 
of BAASIS-assessed timing NA were lower for each higher 
10% bracket of correctly timed doses as registered by EM 
(OR = 0.82; [95% CI, 0.72-0.93]; P = 0.002). With respect 
to drug holidays, although 63 instances of consecutive 
dose missing were registered by EM regarding a total of 
14 962 prescribed doses (0.4%) in 293 patients,27,33 none 
were reported on the BAASIS.

Association of the BAASIS with alternative self-report 
adherence scales showed that a 1 SD increase in their total 
scores (indicating higher adherence levels) correlated with 
significantly lower odds for taking (OR = 0.36; [95% CI, 
0.28-0.46]; P < 0.001), timing (OR = 0.50; [95% CI, 0.40-
0.61]; P < 0.001), and overall implementation NA (OR 
= 0.34; [95% CI, 0.26-0.45]; P < 0.001; Figure S2, SDC, 
http://links.lww.com/TP/C727).

FIGURE 1. Flow chart of the sampling process. BAASIS, Basel Assessment of Adherence to Immunosuppressive Medications Scale.
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TABLE 2.

Overview of studies

No Ref 
Country; no. of 
centers Aim Design BAASIS 

Individual participant data    
  1 Bessa23 PT; 1 Efficacy of pharmacists-led educational 

intervention to enhance adherence 
and clinical outcomes

RCT Interview; implementation (4 items)a; at day 
28 and 90

  2 Burkhalter24 CH; 3 Association of daytime sleepiness; 
depressive symptoms with NA

CS Written; implementation (4 items)b + discon-
tinuation; at inclusion

  3 De Geest25,26 CH; 6 Countrywide extensive cohort study with 
biobank

Prospective Written; implementation (2 items: taking 
[ordinal]a + missing consecutive doses 
[no/yes]); at inclusion (6 months post-Tx), 
month 12, and yearly thereafter

  4 Denhaerynck12 AU, BE, BR, CA, 
CH, DE, ES, 
FR, IT, GB, 
US; 36

Psychosocial, behavioral and clinical 
multilevel Correlates of NA

CS Interview; implementation (4 items)b + 
discontinuation; at inclusion

  5 Dobbels27 BE; 1 Efficacy of multicomponent, nurse-led, 
tailored behavioral intervention to 
enhance adherence

RCT Interview; implementation (4 items)a; at inclu-
sion, 3 (randomization), 6, 9, and 15 mos

  6 Ducci28 IT; 1 Psychosocial correlates and clinical 
consequences of NA

CS/prospective Written; implementation (4 items)a; at 
inclusion

  7 Eisenga29 NL; 1 Extensive cohort study with biobank Prospective Written; implementation (4 items)a; between 
Tx/post-Tx inclusion and 3 mos, 3, 6 mos, 
1, 2, 3, and 5 y after Tx or post-Tx inclusion

  8 Godinas30 BE; 1 Conversion of twice to once-daily 
tacrolimus

Prepost 
intervention

Written; implementation (4 items)b + discon-
tinuation; at inclusion and year 1

  9 Gustavsen 
sample 131

NO; 1 Routine capture of NA: comparison of 
frequent vs single-point measure-
ment of NA on NA capture and NA 
prevalence

RCT Written; implementation (taking and timing, 
binary); at week 8 and year 1

 Gustavsen 
sample 231

 Prospective At year 1

  10 Košťálová22 CZ; 1 Associations of attitudes and blood 
assays to NA

CS/prospective Written; implementation (4 items),b discon-
tinuation, initiationc; at inclusion

  11 Lieb8 DE; 1 Accuracy and concordance of measure-
ment methods of NA

Longitudinal ret-
rospective and 
prospective

Interview; implementation (4 items)a; at 
inclusion and 6 following measurements 
spaced 2 wks apart

  12 Liu32 CN; 1 Prevalence NA and associations with 
beliefs

CS Written; implementation (4 items)a; at 
inclusion

  13 Low33 d AU; 4 Efficacy of a multicomponent, tailored 
behavioral intervention to enhance 
adherence

RCT Interview; implementation (4 items)a; at inclu-
sion and 4 follow-ups 3 mos apart

  14 Marsicano9,34 BR; 1 Psychosocial and clinical multilevel cor-
relates of NA

Retrospective Interview; implementation (4 items; only 
binary); at inclusion

  15 Silva35 BR; 1 Psychosocial correlates of NA Retrospective Interview; implementation (4 items; only 
binary); at inclusion

  16 Sanders-
Pinheiro 36

BR; 20 Psychosocial, behavioral and clinical 
multilevel correlates of NA

CS/retrospective Interview; implementation (4 items)a; at 
inclusion

  17 Schäfer11 CH; 2 main 
centers + 
small other 
category

Psychosocial, behavioral, and clinical 
correlates of NA; diagnostic accuracy 
of NA measurements; clinical conse-
quences of NA

CS Written; implementation (1 item; 4 items on a 
subgroup of n = 10)a; at inclusion

  18 Schmid37 CH; 1 Psychosocial correlates of NA 
(Integrative Model of Behavioral 
Prediction)

CS Interview; implementation (4 items)a; at 
inclusion

  19 Scheel38,39 DE; 3 Psychosocial correlates and clinical 
consequences of NA

CS/retrospective Written; implementation (4 items)b; at 
inclusion

  20 Tielen40,41 NL; 1 Association of NA with beliefs and clini-
cal consequences of NA

CS/prospective Interview; implementation (4 items)b + dis-
continuation; at inclusion (6 wks post-Tx), 
6 mos, and 18 mos

Continued next page
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Concerning the relationship between the BAASIS and 
drug or drug metabolite monitoring, we found that the 
odds of taking NA (OR = 1.013; [95% CI, 1.002–1.023]; 
P = 0.02) increased with higher coefficients of variation 
between available tacrolimus blood assays; however, this 
relationship was quite inconsistent among participating 
studies, with no corresponding relationship to timing or 
overall NA (Figure S3, SDC, http://links.lww.com/TP/
C727).

Collateral reports predicting implementation problems 
were congruent with the BAASIS (Figure S4, SDC, http://
links.lww.com/TP/C727 and Figure S5, SDC, http://links.
lww.com/TP/C727) for both physicians (OR = 1.78; [95% 
CI, 1.49-2.13]; P < 0.001) and nurses (OR = 2.56; [95% 
CI, 2.09-3.15]; P < 0.001).

Evidence Based on Relations to Other Variables 
(Part 2: Psycho-behavioral Constructs)

With regard to associations between the BAASIS and 
variables of the Integrative Model of Behavioral Prediction, 
the overall BAASIS implementation NA score was pre-
dicted as hypothesized (Figure S6, SDC, http://links.lww.
com/TP/C727 to Figure S11, SDC http://links.lww.com/
TP/C727) by barriers (OR = 5.50; [95% CI, 3.92-7.71; P 
< 0.001), self-efficacy (OR = 0.62; [95% CI, 0.55-0.71]; 
P < 0.001), intention (OR = 0.61; [95% CI, 0.50-0.73]; P 
< 0.001), and beliefs (the worrying side of the belief spec-
trum: OR = 1.21; [95% CI, 1.09-1.35]; P < 0.001). Beliefs 
regarding future outlook predicted taking adherence (OR =  
0.83; [95% CI, 0.71-0.97]; P = 0.018). An association with 
norms was nonsignificant (OR = 1.04; [95% CI, 0.88-
1.24]; P = 0.65). Patients’ BAASIS scores were also associ-
ated with assessments of depressive symptomatology (OR 
= 1.17; [95% CI, 1.09-1.27]; P < 0.001; Figure S12, SDC, 
http://links.lww.com/TP/C727).

Evidence Based on Relations to Other Variables 
(Part 3: Responsiveness to Interventions)

Although the 3 randomized controlled trials that tested 
the efficacy of tailored psychosocial/behavioral interven-
tions to improve adherence generally favored the interven-
tion groups (Figure S13, SDC, http://links.lww.com/TP/
C727), a pooled analysis of the interventions’ impact on 
the participants’ BAASIS responses did not yield statisti-
cally significant results (OR = 0.70; [95% CI, 0.49-1.01]; 
P = 0.06). On the contrary, pooling results of trials test-
ing a switch from twice- to once-daily tacrolimus regimens 
(Figure S14, SDC, http://links.lww.com/TP/C727) showed 
decreased total implementation (OR = 0.78; [95% CI, 
0.61-1.00]; P = 0.048) and taking NA (OR = 0.67; [95% 
CI, 0.47-0.95]; P = 0.03).

Evidence Based on Response Processes
The BAASIS’ Flesch Reading Ease score was 70, indi-

cating a relatively easy (7th grade) reading level. No dif-
ferences were found between the written and interview 
version regarding taking adherence (OR = 0.92; [95% 
CI, 0.82-1.03]; P = 0.16). However, timing issues were 
more frequently reported in the written version (OR = 
1.30; [1.18-1.44]; P < 0.001). The same was true for the 
total implementation score (OR = 1.25; [1.14-1.37]; P < 
0.001).

Reliability and Validity Evidence Based on Internal 
Structure

Despite having model convergence problems with the 
calculation of the intracluster correlation to estimate 
the degree of intrapatient stability of the BAASIS scores 
over time, 30% to 60% of longitudinal variability could 
be attributed to patient-specific adherence levels (Figure 

No Ref 
Country; no. of 
centers Aim Design BAASIS 

Published studies (aggregate data)    
  21 Abedini42 NO; 14 Conversion of twice to once-daily 

tacrolimus
Prospective Written; implementation (4 items) + discon-

tinuation; at inclusion and 1, 3, 6, and 12 
months postconversion

  22 Beckebaum43 DE; 1 Conversion of twice to once-daily 
tacrolimus

Prospective Interview; implementation (4 items; fre-
quency estimation unknown); at inclusion 
and 12 mos postconversion

  23 Doesch44,45 DE; 1 Conversion of twice calcineurin inhibitor 
to once-daily tacrolimus

Prospective Interview; implementation (4 items); at inclu-
sion and 4 mos postconversion

  24 Fellström46 SE; 19 Conversion of twice to once-daily 
tacrolimus

Prospective Version unknown; implementation (4 items) 
+ discontinuation; at inclusion and 3, 6, 
12 mos postconversion

  25 Lehner47 DE; 7 Conversion of twice to once-daily 
tacrolimus

Prospective Version unknown; implementation (4 items); 
at inclusion, and 18 mos postconversion

  26 Valente48 IT; 1 Conversion of twice to once-daily 
tacrolimus

Prospective Interview, implementation (4 items); at inclu-
sion, and 6 mos postconversion

aOriginal frequency scoring (once a month, every 2 wk, every week, more than once a week, or every day).
bAdapted frequency scoring (item 1A, 1B: once, twice, 3 times, 4 times, >4 times; item 2: once, 2–3 times, 4–5 times, every 2–3 d, or almost every day).
cInitiation item related to comedications added in 2019.
dHuman research ethics number for inclusion in this meta-analysis: HREC/13/SHB/10.
AU, Australia; BAASIS, Basel Assessment of Adherence to Immunosuppressive Medications Scale; BE, Belgium; BR, Brazil; CA, Canada; CH, Switzerland; CN, China; CS, cross-sectional; CZ, Czech 
Republic; DE, Germany; ES, Spain; FR, France; GB, Great Britain; HTx, heart transplant; IT, Italy; KTx, kidney transplant; LiTx, liver transplant; LuTx, lung transplant; NA, nonadherence; NL, the 
Netherlands; NO, Norway; PT, Portugal; RCT, randomized controlled trial; SE, Sweden; Tx, transplantation; US, United States.

TABLE 2. (Continued)
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TABLE 3.

Characteristics of the included samples

Ref N Organs, n (%) 
Study groups, 
n (%) Sex: male, n (%) 

Months after Tx: mean 
(SD); median (IQR) 

Age: mean (SD); median 
(IQR), y 

Individual participant data
  Bessa23 128 KTx I: 64; C: 64 80 (62.50) 0.0 (0.1); 0.0 (0.0) 44.5 (12.1); 45.0 (21.0)
  Burkhalter24 926 KTx – 586 (63.28) 11.5 (9.3); 9.5 (11.0) 58.7 (12.3); 60.0 (18.0)
  De Geest25 3280 KTx 2058 (62.74) – 2103 (64.12) 8.1 (7.1); 6.0 (0.9) 52.6 (13.6); 55.0 (18.0)

LiTx 672 (20.49)
LuTx 324 (9.88)
HTx 226 (6.89)

  Denhaerynck12 1397 HTx – 1018 (72.87) 39.9 (16.5); 39.0 (27.0) 53.2 (13.2); 56.0 (18.0)
  Dobbels27 247 LuTx 111 (44.94) I: 103; C: 102 140 (56.68) 52.8 (34.3); 47.0 (57.0) 54.9 (12.8); 58.0 (16.0)

HTx 80 (32.39)
LiTx 56 (22.67)

  Ducci28 268 LiTx – 206 (76.87) 33.9 (15.7); 33.0 (24.0) 54.4 (8.9); 56.0 (13.0)
  Eisenga29 1737 KTx 1036 (59.64) – 1020 (58.72) 84.0 (94.9); 48.0 (126.0) 55.8 (13.2); 58.0 (18.0)

LiTx 381 (21.93)
LuTx 248 (14.28)
HTx 72 (4.15)

  Godinas30 166 LuTx – 79 (47.59) 81.3 (55.6); 67.0 (69.0) 56.8 (12.7); 61.0 (14.0)
  Gustavsen 131 195 KTx I: 100; C:95 139 (71.28) 0.1 (0.0); 0.1 (0.0) 55.3 (14.1); 57.5 (20.3)
  Gustavsen 231 100 KTx – 75 (75.00) 12.0 (0.0); 12.0 (0.0) 54.1 (13.9); 56.0 (18.5)
  Košťálová22 361 KTx – 323 (64.27) 97.7 (73.3); 79.2 (108.7) 57.7 (11.7); 60.2 (18.8)
  Lieb8 78 KTx – 56 (71.79) 5.6 (4.2); 5.0 (6.0) 55.3 (11.5); 56.5 (17.0)
  Liu32 296 LiTx – 223 (75.34) – 53.4 (10.1); 55.0 (13.0)
  Low33 69 KTx I: 35; C: 34 39 (56.52) 32.3 (16.6); 28.0 (20.0) 50.7 (11.4); 51.2 (15.9)
  Marsicano9,34 100 KTx – 65 (65.00) 72.3 (42.4); 72.0 (57.5) 45.0 (13.5); 44.5 (23.0)
  Silva35 88 KTx – 56 (63.64) 108.7 (43.9); 107.0 (59.0) 47.2 (12.9); 47.0 (21.0)
  Sanders-Pinheiro36 1105 KTx – 647 (58.55) 74.4 (57.7); 57.6 (75.6) 47.6 (12.6); 48.4 (19.2)
  Schäfer11 349 KTx – 200 (57.31) 100.2 (78.8); 91.0 (104.0) 53.0 (13.6); 53.5 (20.5)
  Schmid37 114 KTx – 74 (64.91) 32.9 (14.8); 31.5 (25.0) 53.6 (11.9); 56.0 (15.0)
  Scheel38,39 357 KTx – 232 (64.99) 77.0 (73.5); 48.0 (82.0) 52.9 (13.8); 54.0 (21.0)
  Tielen40,41 113 KTx – 73 (64.60) 1.0 (0.1); 1.0 (0.0) 50.8 (13.5); 53.0 (18.0)
  Subtotal 11 474 KTx 7177 (62.55) – 7344 (64.00) 42.9 (60.5); 18.0 (48.0) 53.4 (13.3); 55.7 (18.6)

HTx 1775 (15.47)
LiTx 1673 (14.58)
LuTx 849 (7.40)

Published data
  Abedini42 91 KTx – 58 (63.7) 49.2 (52.8); 36.0 47.7 (14.3); 47.0
  Beckebaum43 110 LiTx – 70 (63.2) 77.4 (59.6) 51.0 (13.9)
  Doesch44,45 72 HTx – 55 (76.3) 57.6 (52.8) 46.0 (14.4)
  Fellström46 175 KTx – 113 (64.6) 49.2 (49.2); 32.4 49.4 (14.0); 50.0
  Lehner47 153 KTx – 96 (62.7) 69.6 (55.2) 51.1 (12.3)
  Valente48 34 LiTx – 27 (79.4) 38 60.0
  Subtotal 635 KTx 419 (65.98) – 419 (66.1) 59.4 (52.3)a 50.0 (13.3)a

LiTx 144 (22.68)
HTx 72 (11.34)

Total 12 109 KTx 7596 (62.73) – 7736 (64.1) 43.8 (60.1)a 53.2 (13.3)a

HTx 1847 (15.25)
LiTx 1817 (15.01)
LuTx 849 (7.01)

aWeighted average using mean or median (if mean not available); pooled SD.
C, control group; HTx, heart transplant; I, intervention group; IQR, interquartile range; KTx, kidney transplant; LiTx, liver transplant; LuTx, lung transplant.
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S15, SDC, http://links.lww.com/TP/C727). Furthermore, 
regarding the implementation section’s internal consist-
ency, Table 6 indicates moderate correlations between the 
2 items on taking and timing (rho values ≈ 0.30); however, 
their correlation with dose reduction was quite weak (rho ≈  
0.10). A principal component analysis confirmed these 
interitem correlations, showing that the rotated 2-factor 
solution separated the dose-reduction item’s response pat-
tern from those of the taking and timing items. This implies 
some overlap in the information gathered by the taking 
and timing items, but only a negligible overlap between 
the responses on dose reduction and those on taking and 
timing NA.

DISCUSSION
Although NA to prescribed immunosuppressives is a risk 

factor of poor outcomes in transplant recipients, few studies in 
the transplant and general adherence literature have examined 
the psychometric properties of self-report NA instruments 
such as the BAASIS. Using a sample that reflects a variety of 
settings and transplant populations, and following a method 
considered state-of-the-art in the meta-analytic field (ie, relat-
ing to individual participant data),49 our analysis supports 
the BAASIS’ ability to assess NA to immunosuppressives in 
a sufficiently precise and targeted way: associations were con-
firmed with almost all of the hypothesized relationships; and 
the reliability testing shows that the BAASIS distinguishes a 
patients’ personal level of adherence, a signal that differs from 
mere measurement error. Therefore, the BAASIS lives up to 
its status as one of the COMMIT group’s recommended self-
report instruments2—a recommendation that, until now, has 

relied on content validity arguments. This study confirms and 
extends other validity aspects that have since been added.6,31

Specifically, regarding its relationship to other assessment 
methods for NA, we found a clear association between the 
BAASIS and EM, which is currently considered the most 
accurate (although still indirect) method of measuring NA. 
This indicates that the BAASIS’ self-reported subjective 
appraisal of NA is in line with a method that is independ-
ent of self-perception. Given EM’s intrusiveness in daily 
life and high costs, self-report can function as a low-tech, 
inexpensive alternative in which EM is not feasible (eg, in 
daily clinics and large studies/registries).50

The direct measurement of tacrolimus blood variability 
as a NA barometer was only weakly associated with the 
BAASIS. Variability in blood levels of medications or their 
metabolites are known to be influenced by numerous fac-
tors, such as the timing of the blood sampling, absorption 
of the medication (eg, with or without food), interactions 
with food and other drugs, genetics, dosing changes, or 
even white coat adherence (ie, increased adherence prior 
to a clinic visit).51–54 Once these factors are accounted for, 
NA’s contribution to blood-level variability is barely dis-
cernible.55 Still, although blood assays provide little useful 
information on the implementation aspect of adherence, 
they are considered able to detect aspects our available 
data did not allow us to check, that is, noninitiation or 
discontinuation of the medication regime.1

Strong relationships were found with other self-report 
measures of NA, including the Immunosuppressant Therapy 
Adherence Scale,56 which is also endorsed by the COMMIT 
group.2 The BAASIS is different from this and most other self-
report measures in that it incorporates all NA dimensions as 

TABLE 4.

Descriptive statistics of responses to the BAASIS (summary statistics of Table S1, SDC, http://links.lww.com/TP/C727 to 
Table S5, SDC, http://links.lww.com/TP/C727).

Dimension Item content 

Frequencies

Yes, n (%) Frequency indication, n (%) 

Implementation Taking NA 3281 (14.57) 2422 (10.76)
400 (1.78)
116 (0.52)
70 (0.31)
102 (0.45)

 Drug holidays 371 (1.64) 130 (1.31)
30 (0.30)
16 (0.16)
13 (0.13)
12 (0.12)

 Timing NA 3379 (31.19) 1472 (15.39)
797 (8.33)
351 (3.67)
198 (2.07)
81 (0.85)

 Dose alteration 196 (1.91)  
Discontinuation Stopped 12 (0.35)  
Initiation New prescription filled and started 98 (100.00)  
Implementation Overall score 4027 (38.33)  
All dimensions simultaneously Overall score 8 (0.26)  

Basel Assessment of Adherence to Immunosuppressive Medications Scale; NA, nonadherence.
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TABLE 5.

Methodological details of the various analyses

Ref Time framea Operational definitions of (in)dependent variables or random variables 
Timing BAASIS 
measurements 

Validation analysis of the relationship of the BAASIS to other variables (part 1: other adherence measures): EM
  Dobbels27 Concurrent EM assessment of same prior month as covered by the BAASIS recall period, expressed 

in parameters of taking adherence (% prescribed doses taken), timing adherence (% 
of expected intakes with an interdose interval deviating <25% from prescribed) and 
omissions of >1 consecutive doses. Parameters were calculated from the raw data.

Baseline,b 3 (randomi-
zation), 6,c and 9c 
mos

  Lieb8 Concurrent EM assessment of same prior 2 wks as covered by the BAASIS recall period, expressed 
in parameters of taking adherence (% prescribed doses taken) and timing adherence 
(% of intakes within 2-h time window around the intake time). Data were delivered 
as parameter calculations from the authors.

Baseline, 2, 4, 6, 10, 
and 12 weeks. Note: 
The recall period was 
changed to 2 wks.

  Low33 Concurrent EM assessment of same prior month as covered by the BAASIS recall period, expressed 
in parameters of taking adherence (% prescribed doses taken), timing adherence (% 
of expected intakes with an interdose interval deviating <25% from prescribed) and 
omissions of >1 consecutive doses. Parameters were calculated from the raw data.

Baseline 
(randomization),b 3,c 
6,c 9,c and 12c mos

  Schäfer11 Prospective 3 mos of EM assessment following BAASIS measurement, expressed in parameters 
of taking adherence (% prescribed doses taken), timing adherence (% of expected 
intakes with an interdose interval deviating <25% from prescribed), and omissions 
of >1 consecutive doses. Parameters were calculated from the raw data.

At inclusion

Validation analysis of the relationship of the BAASIS to other variables (part 1: other adherence measures): self-report instruments
  Ducci28 Concurrent Immunosuppressant Therapy Adherence Scale At inclusion
  Low33 Concurrent Morisky Medication Adherence Scale At inclusion and four 3 

monthly visitsc

  Marsicano9,34 Concurrent Measure of adherence to treatment At inclusion
  Schmid37 Concurrent Immunosuppressant Therapy Adherence Scale At inclusion
Validation analysis of the relationship of the BAASIS to other variables (part 1: other adherence measures): blood assay
  Bessa23 Concurrent Coefficient of variation of tacrolimus trough levels obtained at days 10, 14, 21, and 28 

d after Tx (n = 248)
At day 28c

  Dobbels27 Concurrent/
prospective

Coefficient of variation of tacrolimus trough levels obtained at inclusion, 3, 6, 9, and 15 
mos (between 2 and 5 measurements; n = 368)

At inclusionc

  Eisenga29 Concurrent/
prospective

Coefficient of variation of tacrolimus levels 3 to 12 mos after Tx (between 2 and 4 
measurements) (n = 1795)

At inclusion (1st avail-
able measurement 
post-Tx)

  Godinas30 Concurrent/
prospective

Coefficient of variation of 3 prior tacrolimus trough levels (n = 498) At inclusion

  Gustavsen 231 Concurrent/
prospective

Coefficient of variation of 6 tacrolimus levels 6–9 wks after Tx (n = 570) At week 8c

  Košťálová22 Prospective Coefficient of variation of 7 tacrolimus trough levels at consecutive visits between 3 and 
22 mos apart (n = 1635)

At inclusion

  Lieb8 Retrospective/
concurrent

Coefficient of variation of tacrolimus of trough levels at inclusion + 3 antecedent 
measures (n = 302)

At inclusion

  Schäfer11 Prospective Coefficient of variation of tacrolimus trough levels right before inclusion till end of EM 
measurement (between 2 and 17 measurements; n = 306)

At inclusion

  Scheel38,39 Retrospective Coefficient of variation of 4 tacrolimus trough levels within the last 12 months before 
BAASIS measurement (between 4 and 43 measurements; n = 2058)

At inclusion

  Tielen40,41 Concurrent Coefficient of variation of tacrolimus blood levels at inclusion and 2 prior weeks 
(between 4 and 10 measurements; n = 572)

At inclusion

Validation analysis of the relationship of the BAASIS to other variables (part 1: other adherence measures): collateral report
  Denhaerynck12 Retrospective/

concurrent
Physician and nurse estimates, blinded to patient self-report – 1 excellent; 2 fair; 3 

poor adherence; dichotomized into adherent (1) and NA (2 and 3)
At inclusion

  Dobbels27 Retrospective/
concurrent

Physician and nurse estimates, blinded to patient self-report – 1 excellent; 2 fair; 3 
poor adherence; dichotomized into adherent (1) and NA (2 and 3)

At inclusion

  Gustavsen31 Retrospective/
concurrent

Physician/nurse estimate – 1 excellent, 2 suboptimal, 3 poor adherence, dichotomized 
into adherent (1) and NA (2 and 3)

At inclusion

  Lieb8 Retrospective/
concurrent

Physician estimate – 1 = very good adherence to 5 = very poor adherence, dichoto-
mized into adherent (1) and NA (2–5)

At inclusion

  Marsicano9,34 Retrospective/
concurrent

Assistant physician and nurse estimates, blinded to patient self-report – 1 good, 2 fair, 
3 poor adherence, dichotomized into adherent (1) and NA (2 and 3)

At inclusion

Continued next page
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Ref Time framea Operational definitions of (in)dependent variables or random variables 
Timing BAASIS 
measurements 

  Scheel38,39 Retrospective/ 
concurrent

Physician estimate, blinded to patient self-report – 1 = very good adherence to 5 = 
very poor adherence, dichotomized into adherent (1) and NA (2–5)

At inclusion

  Sanders-
Pinheiro36

Retrospective/
concurrent

Nephrologist and nurse estimates (one or both), blinded to patient’s self-report – binary 
score

At inclusion

  Schäfer11 Retrospective/
concurrent

Several physicians’ and several nurses’ estimates, blinded to patient’s self-report – 1 
good, 2 fair, 3 poor adherence, dichotomized into adherent and NA if at least one of 
the physicians or nurses considered the patient not having good adherence

At inclusion

  Schmid37 Retrospective/
concurrent

Physician and nurse estimates, blinded to patient’s self-report – 1 good, 2 fair, 3 poor 
adherence, dichotomized into adherent (1) and NA (2 and 3)

At inclusion

  Silva35 Retrospective/
concurrent

Assistant physician and nurse estimates, blinded to patient’s self-report – 1 good, 2 
fair, 3 poor adherence, dichotomized into adherent (1) and NA (2 and 3)

At inclusion

Validation analysis of the relationship of the BAASIS to other variables (part 2: psycho-behavioral constructs): cognitive behavioral theory
  Denhaerynck12 Concurrent Integrative Model of Behavioral Prediction (barriers, intention, self-efficacy, beliefs, 

norms)
At inclusion

  Dobbels27 Concurrent Integrative Model of Behavioral Prediction (barriers) At inclusion and 15 
mosd

  Ducci28 Concurrent Integrative Model of Behavioral Prediction (barriers, intention, self-efficacy, beliefs, 
norms)

At inclusion

  Godinas30 Concurrent Integrative Model of Behavioral Prediction (barriers) At inclusion
  Schmid37 Concurrent Integrative Model of Behavioral Prediction (barriers, intention, self-efficacy, beliefs, 

norms)
At inclusion

  Schäfer11 Concurrent Integrative Model of Behavioral Prediction (self-efficacy, beliefs) At inclusion
  Tielen40,41 Concurrent Integrative Model of Behavioral Prediction (self-efficacy, beliefs) At inclusion, 6, and 18 

mos
  Košťálová22 Concurrent Integrative Model of Behavioral Prediction (beliefs) At inclusion
Validation analysis of the relationship of the BAASIS to other variables (part 2: psycho-behavioral constructs): depressive symptoms
  Burkhalter24 Concurrent Depressive symptomatology: Depression, Anxiety, and Stress Scale At inclusion
  De Geest25 Prospective Depressive symptomatology: Depression, Anxiety, and Stress Scale NA predicted by depres-

sive symptoms at 
previous visit

  Denhaerynck12 Concurrent Hospital anxiety and depression scale (depression part) At inclusion
  Liu32 Concurrent Hospital anxiety and depression scale (depression part) At inclusion
  Scheel38,39 Concurrent Hospital anxiety and depression scale (depression part) At inclusion
  Schäfer11 Concurrent Beck depression inventory At inclusion
Validation analysis of the relationship of the BAASIS to other variables (part 3: responsiveness to adherence-enhancing interventions)
  Bessa23  Postintervention assessments comparison of intervention vs control group (original 

primary outcome: CV%)
Days 28 and 90

  Dobbels27  Postintervention assessments comparison of intervention vs control group (original 
primary outcome: EM)

Months 6, 9, and 15

  Low33  Postintervention assessments comparison of intervention vs control group (original 
primary outcome: EM)

Months 3, 6, 9, and 12

  Abedini42  Postconversion vs inclusion assessments Inclusion, months 1, 3, 
6, and 12

  Beckebaum43  Postconversion vs inclusion assessments Inclusion, month 12
  Doesch44,45  Postconversion vs inclusion assessments Inclusion, months 4 

and 8
  Lehner47  Postconversion vs inclusion assessments (paired data unknown) Inclusion, month 18
  Fellström46  Postconversion vs inclusion assessments Inclusion, months 3, 6, 

and 12
  Godinas30  Postconversion vs inclusion assessments Inclusion, month 12
  Valente48  Postconversion vs inclusion assessments (paired data unknown) Inclusion, month 6
Validation analysis of the internal structure of the BAASIS
  Studies with 

individual par-
ticipant data

  All available data points 
(see Table 2)

TABLE 5. (Continued)
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outlined in the conceptual ABC taxonomy framework3 while 
covering the taking and timing aspects of implementation. It 
fulfills these tasks without querying any causal indicators (ie, 
reasons) of NA as part of the instrument itself.57 Therefore, 
the causal indicators were assessed separately (ie, using 
the variables within the Integrative Model of Behavioral 
Prediction), which also provided us with validity evidence 
of the BAASIS’ expected relations to these concepts. Those 
in theoretical closeness to NA behavior were confirmed (ie, 
barriers, self-efficacy, and intentions).

Regarding responsiveness to interventions, adherence 
enhancements were only detected for regimen change stud-
ies; not with the 3 complex adherence-enhancing interven-
tions. Considering that 2 of these 3 trials also employed 
EM and neither detected any intervention effect using EM, 
a lack of intervention efficacy was probably the reason for 
the lack of a relationship.23,33

Because of increased attention in the literature to the 
topic of health literacy, our response process examination 
included a seldom-performed check of the instrument’s 
reading level. The BAASIS’ readability level was judged 
fairly easy to read, corresponding to the level of the 7th 
grade, or a reader of about 12 to 13 y old. At this level, the 
majority of respondents should understand the questions 
and instructions; however, those with very low literacy 
may still experience difficulties. For such individuals, the 
interview version may be indicated.

The slightly lower reporting of timing errors in the inter-
view version may indicate that patients feel more comfort-
able with the written version; however, it may also reflect 
variation in included studies. It would have been useful 
to check whether responses differed between interview-
ers, which would at the same time have documented the 
BAASIS’ interrater reliability. However, not enough data 
were available to do this test.

As with all methods of assessing medication taking 
behavior, self-report has its advantages and shortcom-
ings. Although feasible and affordable, it is considered 
somewhat bias-prone (eg, recall bias and social desirabil-
ity bias) and provides less rich data collection than some 
other measures.1 Nonetheless, validation studies such as 
this one provide sufficient evidence of its reliability and 
validity to justify its intended application. Possible next 
steps in this instrument’s continuous validation process 
include determining its diagnostic accuracy in compari-
son to that of other assessment methods, to optimize its 
assessment by combining different available methods,11 
and to examine its predictive validity toward clinical 
outcomes.40,50

Although NA is increasingly recognized as a major 
behavioral risk factor for poor outcomes in transplan-
tation, routine assessment either of NA or of NA risk is 
not yet standard practice. Achieving effective, sustainable 
adherence monitoring in real-world settings is an attain-
able goal but will demand the use of suitable methods 
aimed at implementing adherence assessment. Involvement 
of the full range of stakeholders will inform context-spe-
cific strategies to maximize the acceptability and feasibil-
ity of evidence-based adherence measurement methods. 
Although self-report is often falsely regarded as a sub-
standard measurement method, reliable patient-report 
instruments can easily and affordably be integrated into 
clinical practice and add considerable value. This is par-
ticularly true in combination with other commonly used 
assessment methods.6,11

CONCLUSIONS
This study on the psychometric properties of the BAASIS, 

a self-report instrument assessing NA to immunosuppressive 

Ref Time framea Operational definitions of (in)dependent variables or random variables 
Timing BAASIS 
measurements 

Reliability analysis of stability over time of individual responses
  Bessa23  Patient number as a random intercept Day 28 and 90c

  De Geest25,26  Patient number as a random intercept Inclusion, year 1 and 
yearly visits

  Dobbels27  Patient number as a random intercept Inclusion, month 3, 6, 9, 
and 15d

  Eisenga29  Patient number as a random intercept Inclusion, month 3, 6, 
12, 24, 36, 60

  Gustavsen31  Patient number as a random intercept Week 8 and year 1c

  Lieb8  Patient number as a random intercept Inclusion and six 
2-weekly visits

  Low33  Patient number as a random intercept Inclusion and four 
3-monthly visitsc

  Tielen40,41  Patient number as a random intercept Inclusion, month 6 
and 18

Concurrent means that the study falls within the recall period of the BAASIS. Retrospective means that the study falls before the recall period of the BAASIS. Prospective means that the assay was 
done after the BAASIS measurement.
aAdapted to each research question pertaining to the 4-wk recall period for NA during the implementation phase.
bBaseline data are not relevant for concurrent adherence testing, because EM is not yet available for the prior month.
cControl group only.
dControl group, preallocated, and nonallocated participants.
BAASIS, Basel Assessment of Adherence to Immunosuppressive Medications Scale; CV%, coefficient of variation; EM, electronic monitoring; HTx, heart transplant; KTx, kidney transplant; LiTx, liver 
transplant; LuTx, lung transplant; NA, nonadherence; RCT, randomized controlled trial.

TABLE 5. (Continued)
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FIGURE 2. Summary of pooled (overall) effect sizes (for details see Figures S1, SDC, http://links.lww.com/TP/C727–S14 http://links.
lww.com/TP/C727). 95% CI, 95% confidence interval; OR, odds ratio.

TABLE 6.

Reliability and validity evidence based on internal structure: internal consistency of the 3 independent items on the 
implementation aspect

  Interitem correlations (Spearman’s rho)
Principal component analysis: factor load-
ings (Pearson’s r)

Taking Timing Dosing Factor 1 Factor 2 

    N = 12 125; N = 8966
Taking  rho = 0.31; N = 11 888 rho = 0.11; N = 9023 r = 0.79; r = 0.79 r = 0.00; r = −0.02
Timing rho = 0.28; N = 12 557  rho = 0.10; N = 8985 r = 0.81; r = 0.83 r = 0.09; r = 0.15
Dosing rho = 0.11; N = 12 157 rho = 0.08; N = 12 137  r = 0.06; r = 0.07 r = 1.00; r = 0.99

Italic font indicates a binary score and nonitalic an ordinal score.
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medication, shows a favorable validity and reliability 
profile. Although the scale undoubtedly shares the limita-
tions of any self-report instrument, the fact that almost all 
hypothesized relationships were confirmed—and if not, 
circumstantial evidence could explain that lack—provides 
evidence that the BAASIS does capture medication taking 
behavior. Because it is easy and inexpensive to administer 
and interpret, self-report is extremely useful as a screening 
tool in the clinic, or to assess NA of larger samples in a 
study or registry setting.
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