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Abstract

Background Non-adherence to medical therapy after liver

transplantation is confounded by different methods of

measurement.

Aims (1) To compare the performance of three different

methods of measuring non-adherence: (a) biochemical

(standard deviation [SD] tacrolimus levels), (b) clinician

report, (c) self-report. (2) To identify pre-transplant pre-

dictors of post-transplant non-adherence. (3) To evaluate

whether SD tacrolimus is an accurate predictor of graft

outcomes.

Methods In this retrospective cohort study, charts of adult

recipients of a liver transplant 2003–2009 (sample A,

n = 444) were reviewed to determine pre-transplant pre-

dictors of non-adherence and clinician report of non-

adherence. SD tacrolimus levels were measured between 6

and 18 months post-transplant. A subset of sample A

(n = 122) completed a survey on non-adherence. The three

methods were compared using linear and logistic regres-

sion. Multivariable analysis was used to investigate pre-

transplant predictors of non-adherence. In sample B

(transplant recipients 1995–2003, n = 544) Cox regression

was used to determine the relationship between SD

immunosuppressant level and graft failure.

Results Non-adherence was found in 22–62 % of sub-

jects, with the highest rates indicated by self-report. Cli-

nician report of non-adherence was associated with both

self-report and SD tacrolimus. On multivariable analysis,

unemployment at time of listing and chart evidence of pre-

transplant non-adherence were significant predictors of

higher SD of tacrolimus. History of substance abuse and

pre-transplant chart evidence of non-adherence were also

significant independent predictors of post-transplant chart

evidence of non-adherence. Drug variability in the imme-

diate post-transplant setting was independently associated

with graft failure over time (hazard ratio 1.005 per unit

increase in standard deviation, p = 0.04).

Conclusions Non-adherence among liver transplant

recipients is a common problem associated with increased

risk of graft failure. SD tacrolimus can be used to measure

non-adherent behavior and perhaps target patients for

behavioral interventions.

Keywords Compliance � Adherence � Graft failure �
Liver transplantation

Introduction

The continued shortage of donor livers requires that trans-

plant professionals allocate organs in an ethical manner. This

challenging task is aided by tools such as the model for end-

stage liver disease (MELD) score, which accurately and

objectively assesses pre-transplant severity of illness [1].

However, determining candidacy for transplantation also

requires assessment of psychosocial factors such as level of

social support, history of substance abuse, financial status,
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and non-adherence to medical recommendations, in deter-

mining transplant candidacy [2, 3]. Our ability to objectively

measure these factors and their predictive value in deter-

mining post-transplant outcomes in the adult liver transplant

population remain incompletely understood (Fig. 1).

Among the psychosocial factors affecting post-trans-

plant outcomes, non-adherence to immunosuppressant (IS)

therapy is considered to be the leading cause of preventable

graft failure [4], contributing to 20 % of late acute rejection

episodes and 16 % of graft losses within the overall

transplant population [5]. A meta-analysis of 147 studies of

kidney, heart, liver, and other transplant recipients found

non-adherence to IS therapy to be prevalent, with an

overall rate of 19–25 cases per 100 patients per year [6].

In liver transplantation, the effect of non-adherence on

graft outcomes has been well studied in pediatric and ado-

lescent transplant recipients [7–11]. Among adults, various

international studies have attempted to measure non-adher-

ence to IS therapy using self-reported non-adherence [12]

and electronic medication monitoring [13], with the majority

of patients found to be adherent to IS therapy. This is in

contrast to a US study that found half of liver transplant

recipients reporting non-adherence to IS therapy [14]. Adult

liver transplant recipients in the US remain an understudied

population for whom we have minimal data regarding the

causes and effects of non-adherence.

In the clinical setting, the ability to detect and intervene

upon non-adherence is limited due to the paucity of accu-

rate objective methods for measuring non-adherence in

transplant recipients. There is no gold standard method for

measuring non-adherence [15]. Methods used to assess the

extent to which patients take medications and attend clinic

visits include both direct (observed therapy, measurement

of drug/metabolite levels) and indirect measures (patient

surveys, clinical response, rate of prescription refill, elec-

tronic medication monitoring, and medical chart notes)

[16]. Each method has its limitations, and many techniques

remain to be validated.

Accurately measuring non-adherence and understanding

its effects on graft outcomes would be critical to improving

the transplantation selection process. This topic has been

understudied in the American adult liver transplant popu-

lation. While various methods of measuring non-adherence

have been used in the literature, no single study has

attempted to compare the validity of these methods within

one population of adult liver transplant recipients. We

aimed to assess the post-transplant level of non-adherence

in liver transplant recipients by using three methods of

quantifying non-adherence: biochemical, clinician-report,

and self-report [11]. We compared these methods of

quantifying non-adherence and investigated various

patient-specific characteristics in the pre-transplant setting

that may predict post-transplant non-adherence [20].

Lastly, we investigated the relationship between post-

transplant non-adherence and graft survival, using our most

objective measure of non-adherence in this study—immu-

nosuppressant variability—which we hypothesize is a good

predictor of the negative outcomes of non-adherence.

Definition of Terms

In the transplant literature, the term non-adherence is used

to describe general behaviors that deviate from a prescribed

post-transplant health regimen, with emphasis on a col-

laboration between the patient and healthcare professional

[18]. In the literature, the definition of non-adherence has

been widely interpreted, leading to confusion as to how to

measure non-adherence. In 2009, the Non-Adherence

Consensus Conference convened to define non-adherence

as follows: ‘‘Deviation from the prescribed medication

regimen sufficient to influence adversely the regimen’s

intended effect’’ [15]. This definition focuses on non-

adherence to IS therapy with emphasis on the negative

outcomes of non-adherence. In the clinical setting, non-

adherence encompasses numerous behaviors that

Fig. 1 Non-adherence in adult liver transplantation: a problem that

cuts across all domains of patient care. Understanding the implica-

tions of non-adherent behavior on future outcomes could redefine the

selection process for transplant listing. Which factors in the pre-

transplant setting predict non-adherent behavior? Are non-adherent

behaviors associated with poor outcomes including graft failure?

These questions are the focus of this study
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jeopardize health outcomes including: (1) improper medi-

cation adherence (e.g., not having a prescription filled,

forgetting or intentionally not taking a medication), (2)

failure to adhere to the recommended laboratory testing

schedule, and (3) failure to attend clinic visits or cooperate

with other testing or treatment. In accordance with the

Non-Adherence Consensus Committee’s recommenda-

tions, we focus on non-adherence to immunosuppressant

(IS) therapy given its association with worse outcomes for

transplant recipients. We also include other non-adherent

behaviors that may negatively affect health outcomes

including: missed clinic appointments, missed blood draws,

and substance use [22].

Methods

We conducted a retrospective cohort study of adult liver

transplant recipients at the University of Michigan Health

System (UMHS). Our two sub-populations consisted of a

group of 444 patients who underwent liver transplantation

from 2003 to 2009 (sample A), as well as a second group of

544 liver transplant recipients from 1995 to 2003 (sample

B). Sample A was used to determine correlations between

the three different measures of non-adherence described

below, as well as to investigate associations between pre-

transplant factors and post-transplant non-adherence. This

population included a subgroup of transplant recipients

who participated in a survey evaluating self-reported non-

adherent behaviors. Sample B was used to determine the

impact of post-transplant non-adherence on graft survival.

Inclusion criteria are illustrated in Fig. 2. Both samples

included transplant recipients who underwent standardized

pre-transplantation psychosocial evaluation and survived at

least 18 months post-transplantation. Recipients of multi-

organ transplants were excluded, as well as patients with

less than three tacrolimus levels. The study was approved

by the University of Michigan Institutional Review Board

(IRB) with written informed consent obtained by survey

participants.

Sample A

Methods of Measuring Non-Adherence

Post-transplant non-adherence was quantified in three

ways: (1) Biochemical: the standard deviation (SD) of

tacrolimus blood levels measured during the period from 6

to 18 months post-transplant. Tacrolimus levels from the

first 6 months were excluded given that during this interim,

medication doses are altered due to side-effects, there is the

potential for early graft failure, and levels are subject to

post-operative variability. The 6 to 18-month period

reflects a crucial time during which non-adherent behaviors

can be measured more objectively once drug levels have

stabilized and the potential for early graft failure has been

eliminated. The analysis was limited to tacrolimus because

fewer than 20 % of patients were on cyclosporine, and the

different baseline levels of these medications would

otherwise confound analysis of standard deviation. (2)

Clinician-Report: medical chart documentation of non-

adherence determined by[1 documented missed follow-up

visit in a year, missed blood-draws, or staff notes indicating

failure of the patient to follow medical recommendations.

This measure was treated in a dichotomous fashion: the

presence or absence of evidence of non-adherence. (3) Self-

Reported: survey responses indicating non-adherence as

measured by the validated Medication Adherence Report

Scale (MARS) [23, 24]. Subjects who were still alive and

followed in our center at the time of the study received a

mailed survey inquiring about their level of social support

[25], ability to take immunosuppressant medications,

likelihood of missing doctor’s visits, and barriers to

adherence. Survey responses were tabulated and coded by a

research assistant, with the investigators remaining blinded

Sample A

Liver transplant 2003-2009
Survived at least 18 months

N=444 charts reviewed

Alive, followed by our center 
at time of study (2010)

N=299

Tacrolimus levels between 
6-18 months post-

transplant
N=318 (72%)

Responded to the survey
N=165 (55%)

Liver transplant 1995-2003
Survived at least 18 months

N=544

Tacrolimus/cyclosporine 
level between 6-18 

months post-transplant
N=359 (66%)

Sample B

Fig. 2 Subject inclusion diagram. Sample A was designed to

evaluate post-transplant non-adherence in the 6 to 18-month period,

once tacrolimus levels had stabilized and did not reflect early graft

failure or post-operative drug variability. This cohort was used to

investigate three different parameters of measuring non-adherence

including: (1) standard deviation (SD) tacrolimus level, (2) clinician

reports of non-adherence in the medical chart, and (3) self-reported

non-adherence via survey. Sample A was also designed to investigate

pre-transplant predictors of post-transplant non-adherence quantified

in the three ways listed above. Sample B included a larger cohort

designed to investigate the relationship between post-transplant non-

adherence (quantified by SD tacrolimus levels) and graft failure. Both

samples included transplant recipients who underwent standardized

pre-transplantation psychosocial evaluation, survived at least

18 months post-transplantation, and had at least three tacrolimus

levels available for analysis
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to the results until statistical analysis was complete. An

adaptation of the MARS [23] and Multidimensional

Adherence Questionnaire (MAQ) [28] was used to assess

self-reported non-adherence. This survey can be seen in the

Appendix. For the purposes of statistical analysis, respon-

ses of ‘‘sometimes’’ or greater, on the four-point scale were

categorized as non-adherence.

In order to assess the validity of these three measures of

non-adherence, we analyzed the correlation between the

biochemical method, the other two methods using linear

regression, and between the clinician-report and self-report

using logistic regression. Strength of association is reported

using R2 for linear regression and likelihood ratio Chi-

square value for logistic regression.

Pre-Transplant Predictors of Post-Transplant Non-

Adherence

The electronic medical charts of Sample A were reviewed

to identify pre-transplant predictors of post-transplant non-

adherence. This data abstraction was performed by the

investigators blinded to the results of outcomes described

above. Potential risk factors that were considered included

age, gender, race, marital status, employment status,

health insurance (as a measure of socio-economic status),

history of substance abuse, etiology of disease, and level

of social support as assessed during evaluation for trans-

plant listing. Each transplant recipient had undergone a

psychosocial evaluation conducted by one of two trans-

plant social workers. These evaluations were conducted

using standardized forms, which were documented in

electronic medical charts that comprised the chart review.

The psychosocial evaluation consisted of a thorough

investigation of substance abuse history, mental health

history, social support, financial status, and health insur-

ance coverage.

Pre-transplant predictors of non-adherence were corre-

lated with two types of post-transplant dependent vari-

ables: (1) continuous (SD of tacrolimus levels) and (2)

dichotomous (reporting non-adherence at least ‘‘some-

times’’ in response to any one of the five questions on the

mailed survey, or presence of chart evidence of non-

adherence). Statistical analyses were performed using

linear regression for continuous data and logistic regres-

sion for categorical data. In order to avoid model selection

bias, all variables were entered into the multivariable

models. Residual-versus-fitted plots were assessed to

confirm the appropriateness of parametric methods. Cal-

culations were performed using Stata v11 (Statacorp,

College Station, TX, USA).

Sample B

Non-Adherence as Measured by Immunosuppressant

Variability and Graft Outcomes

Sample B was chosen to allow at least 5 years follow-up

time, and was used to determine the relationship between

post-transplant non-adherence (as measured by SD immu-

nosuppressant medication during months 6–18 post-trans-

plant) and graft failure, defined as death or the need for

re-transplantation. Unlike sample A, this larger cohort was

used to evaluate the potential relationship between long-

term non-adherence and graft failure. These patients did

not undergo a survey investigating self-reported non-

adherence. In this sample, the statistical method used per-

mitted analysis of subjects on cyclosporine in addition to

tacrolimus. Cox regression (stratified by immunosuppres-

sant type) was used to determine the relationship between

SD immunosuppressant level and graft failure, adjusting

for potential confounders including age at transplant,

gender, race, date of transplant, and pre-transplant MELD

score.

Results

Sample A

Among the 444 liver transplant recipients from 2003 to

2009 who met inclusion criteria, 318 had at least three

tacrolimus levels available during the period between 6 and

18 months post-transplant. Seventy-six out of 398 (19 %)

were on cyclosporine and 299 were still alive and followed

in our center at the time of the study, of which 165 (55 %)

responded to the survey (Fig. 2) (see Table 1 for demo-

graphics and characteristics of the study population).

Biochemical Measure of Non-Adherence

Among the patients with immunosuppressant levels avail-

able between 6 and 18 months post-transplant, 322/398

(81 %) were on tacrolimus. Of the 322 patients on tacrol-

imus, 318 had at least three levels available and thus met

inclusion criteria for analysis. The median standard devi-

ation of tacrolimus levels in this sample was 2.1 (range

0.3–11.2). As shown in Table 2, on multivariable analysis,

unemployment at the time of listing and chart evidence of

pre-transplant non-adherence were significant predictors of

higher standard deviation of tacrolimus (increased drug

variability) (p = 0.02 and 0.01, respectively). In other

Dig Dis Sci (2013) 58:824–834 827
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words, being employed at listing was associated with a

0.59 lower standard deviation of tacrolimus levels, and pre-

transplant chart evidence of non-adherence was associated

with a 0.56 higher standard deviation of tacrolimus levels

after transplantation.

Clinician Report of Non-Adherence

Among the medical charts reviewed in sample A, 97/444

(22 %) had chart evidence of non-adherence during the

post-transplant period. The most common reasons were

missed appointments (n = 57) and missed labs (n = 13).

As shown in Table 3, on multivariable analysis, history of

substance abuse and pre-transplant chart evidence of non-

adherence are significant independent predictors of post-

transplant chart evidence of non-adherence (p = 0.03 and

\0.001, respectively).

Self-Reported Non-Adherence

Among the 165 survey respondents, 122 had complete data

for analysis. Seventy-six out of 122 (62 %) reported being

Table 1 Demographics and characteristics of samples A and B

Characteristic Sample A Sample B

n = 444

Charts reviewed

2003–2009

n = 165

Survey respondents

n = 544

Liver transplant

1995–2003

Gender

Male 267 (60 %) 100 (61 %) 340 (62 %)

Female 177 (40 %) 65 (39 %) 204 (38 %)

Race

Caucasian 357 (80 %) 141 (85 %) 464 (85 %)

African American 39 (9 %) 12 (7 %) 34 (6 %)

Hispanic 17 (4 %) 3 (2 %) 19 (4 %)

Other/refused to answer 31 (7 %) 9 (5 %) 27 (5 %)

Average age at time of study N/A 55 N/A

Average age at TXP 52 52 50

Average MELD at listing 18 18.1 16.7

Etiology of liver disease: principal diagnosis at TXP

Viral 108 (24 %) 33 (20 %) 189 (35 %)

HCC 97 (22 %) 30 (18 %) 23 (4 %)

Alcohol 60 (14 %) 20 (12 %) 103 (19 %)

Cryptogenic/fatty liver 38 (8 %) 19 (11 %) 61 (11 %)

Primary sclerosing cholangitis 31 (7 %) 16 (10 %) 44 (8 %)

Primary biliary cirrhosis 22 (5 %) 6 (4 %) 33 (6 %)

Othera 88 (20 %) 41 (25 %) 91 (17 %)

Patient demographics and characteristics for sample A and sample B are shown above. Data collection provided by electronic health records at

UMHS. The R-squared (measure of strength of association) for the model was 0.11
a This category includes primary diagnoses such as autoimmune hepatitis, idiopathic fulminant hepatic failure, alpha-1 antitrypsin, hepatic

adenomatosis, amyloidosis, Wilson’s disease, and other primary diagnoses

Table 2 Independent pre-transplant predictors of higher standard deviation of tacrolimus levels (n = 318)

Variable Coefficient p value

Employed at listing -0.59 0.02

Pre-transplant chart evidence of non-adherence 0.56 0.01

Among sample A, pre-transplant unemployment and non-adherence were significantly associated with post-transplant immunosuppressant (IS)

therapy variability, as delineated by high standard deviation of tacrolimus levels. Coefficients and p values are seen above. Other non-significant

variables included age at transplant, gender, race, education, marital status, insurance type (as a measure of socioeconomic status), MELD score

at listing, history of substance abuse, and degree of social support

828 Dig Dis Sci (2013) 58:824–834
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non-adherent with their medications at least once in the past

3 months. The most common infraction was missing a dose

accidentally. Only 2 % of respondents admitted to being

non-adherent ‘‘frequently’’ or ‘‘always.’’ Sixteen percent

reported missing a doctor’s visit at least ‘‘sometimes,’’ with

illness at the time of the appointment being the most com-

mon reason provided. On average, social support scores

were relatively high (mean 4.1, with the maximum score

being 5), with lower scores being associated with higher

rates of reported non-adherence (p = 0.015). None of the

pre-transplant variables listed above were associated with

self-reported medication non-adherence (data not shown),

though this could have been due to the small sample size.

Correlation Between Methods

Chart evidence of post-transplant non-adherence was asso-

ciated with self-reported non-adherence (odds ratio 2.5,

p = 0.03, likelihood ratio Chi-square 4.8), as well as the

standard deviation of tacrolimus (coefficient 0.43, p = 0.03,

R2 0.015). Self-report of non-adherence was associated with

a 2.7 higher standard deviation of tacrolimus levels, but this

association was not statistically significant (p = 0.03) pos-

sibly due to a smaller sample size of 122. These associations

provide construct validity for the various measurement

methods, and suggest that the standard deviation of tacrol-

imus is not purely caused by biologic variability, but also

reflects medication non-adherence.

Sample B

Analysis of the 359 transplant recipients in sample B

demonstrated that a higher SD level (increased drug vari-

ability) during the 6–18 month post-transplant period was

associated with a higher risk of graft failure (hazard ratio

1.005 per unit increase in SD, p = 0.04). This relationship

was independent of patient age, race, gender, date of

transplant, or severity of illness as measured by the MELD

score. In order to demonstrate this graphically, the patients

on tacrolimus (n = 228) were divided into two groups of

equal size based upon their standard deviation (high or

low), and the survival curve is shown in Fig. 3.

Discussion

This study aimed to compare three different methods for

measuring non-adherence in liver transplant recipients, and

to determine the impact of non-adherence on graft survival.

We found evidence of non-adherence in 22–62 % of sub-

jects, with the highest rates indicated by self-report. All three

measures were correlated with one another, thus demon-

strating construct validity. The standard deviation of

tacrolimus stands out as being the only objective measure, and

was independently associated with graft failure over time. If

this finding is confirmed in prospective studies, patients with

widely fluctuating tacrolimus levels should be targeted for

behavioral interventions to improve graft survival.

It is striking that more than two-thirds of transplant

recipients surveyed reported being non-adherent with their

medications at least once in the prior month, and this

behavior was significant enough to be documented in the

medical record in one-quarter of subjects. This finding is

consistent with high rates of self-reported non-adherence in

transplant recipients [6, 21]. In a single-center US study,

56 % of transplant recipients reported non-adherence within

the 2–5 year post-transplant period [14]. Various interna-

tional studies have reported rather low rates of non-

0.
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0 1000 2000 3000

days post-transplant

low SD high SD

Kaplan-Meier survival estimates

Fig. 3 Kaplan-Meier survival estimates. Survival curves for patients

with standard deviation (SD) of tacrolimus that was lower than the

median (n = 180) versus higher than the median (n = 179). The

association between standard deviation of immunosuppressant level

and survival was statistically significant in the adjusted analysis (see

text). Sample B: Analysis of 228 liver transplant recipients on

tacrolimus from 1995 to 2003 who were followed for at least 5 years

post-transplant. Higher SD level (increased drug variability) during

the first 6–18 months post-transplant was associated with a higher risk

of graft failure (hazard ratio 1.005 per unit increase in standard

deviation, p = 0.04)

Table 3 Independent pre-transplant predictors of post-transplant

chart evidence of non-adherence (n = 444)

Variable Odds ratio p value

History of substance abuse 1.9 0.03

Pre-transplant chart evidence of non-adherence 2.7 \0.001

Among sample A, pre-transplant substance abuse and non-adherence

were found to be significantly associated with post-transplant non-

adherence as measured by chart evidence and clinician-reported non-

adherence. Odds ratios and p values are provided above. The likeli-

hood ratio Chi-square (a measure of strength of association) was 25.3

for the regression model. Other non-significant variables included age

at transplant, gender, race, education, marital status, insurance type

(as a measure of socioeconomic status), MELD score at listing,

employment status, and degree of social support (data not provided)
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adherence among liver transplant recipients [12], which may

be attributed to differences in methodology and social fac-

tors (i.e., differences in access to medical care and medi-

cations in US vs. non-US health care systems).

The only consistent predictor that could be identified

from the pre-transplant setting was the reliability that

patients displayed in obtaining labs and/or showing up for

clinic visits. These behaviors are commonly used in the

clinical setting to predict adherence, and our study sub-

stantiates this practice. Missed office appointments has

been shown to be correlated with IS therapy non-adher-

ence, which was confirmed in this study [14]. Pre-trans-

plant substance abuse and non-adherence were found to be

significantly associated with post-transplant non-adherence

as measured by chart evidence. This finding has been

substantiated by other studies using self-reported measures

of non-adherence [14, 17]. When using high SD tacrolimus

levels as a measure of post-transplant non-adherence, pre-

transplant unemployment was significantly associated with

non-adherence; however, this was not substantiated using

other measurements of non-adherence.

Importantly, only 33 % of patients with pre-transplant

chart evidence of non-adherence had evidence of non-

adherence in the post-transplant setting, and 14 % of

patients without such indicators pre-transplant did become

non-adherent. Thus, more accurate and objective metrics

are needed for determining transplant candidacy with

respect to adherence.

Tacrolimus variability in the immediate post-transplant

setting was found to be independently associated with graft

failure over time. The association between drug variability

and graft failure was strongest in the early post-transplant

period (days 1,000–2,000). This finding suggests that

consistent immunosuppressive therapy is especially critical

in the early post-transplant period, when there is increased

risk for graft rejection.

Deviations in tacrolimus levels may be a cost-effective

and clinically useful tool for predicting transplant out-

comes. This is one of various methods to assess non-

adherence to IS therapy. One problem with using drug

variability as a measure of non-adherence is that it does not

take into account the dynamic process of medication con-

sumption, which may vary due to fluctuating renal func-

tion, medication metabolism, drug–drug interactions and

side-effects [15, 27]. Electronic medication monitoring has

been suggested as the most sensitive measure of non-

adherence [13, 19]. However, it is an expensive and labor-

intensive method of measuring non-adherence with the

potential for Hawthorne bias. In a cross-sectional study of

kidney transplant recipients, a comparison was made

between the diagnostic accuracy of various methods of

measuring non-adherence including: electronic monitoring,

immunosuppressant drug assay, patient self-report, and

physician collateral report [27]. Individual measures of

non-adherence were found to have poor sensitivity,

whereas a composite adherence score compiled of non-

adherence information from patient self-report, medical

team collateral report, and drug assay had the highest

sensitivity [6, 14, 27]. This can be a difficult task in the

clinical setting, and using drug variability as a measure of

non-adherence may be a cost-effective and easy-to-use

clinical tool that should be further evaluated for its diag-

nostic accuracy of non-adherence.

Our study was limited by its single-center nature, and

the fact that we were unable to capture all transplant

recipients in our various sub-samples. In particular,

although we achieved a reasonable 55 % response rate to

our mailed survey, this sample reflects only 37 % of

transplant recipients during the study period due to the

length of follow-up. Moreover, our responders were not

ethnically diverse with a low percentage being among

African American and Hispanic minorities. Patients among

ethnic minorities may be at increased risk for non-adher-

ence; however, this has not been substantiated in the lit-

erature [14]. Additionally, those who are non-adherent may

be less likely to complete the surveys or alternatively died

before being surveyed due to non-adherent behaviors. The

most important limitation, however, is the fact that trans-

plant recipients themselves are already a selected group,

with the least adherent patients usually deemed not to be

candidates. For this reason, prospective studies are needed.

Furthermore, our study did not delve into the important

question of why patients are non-adherent. We investigated

the association between levels of social support and

adherent behaviors; however, given a majority of our

sample reported having good social support, we were

unable to tease out the effects of support on post-transplant

behaviors. A study from Spain among renal and liver

transplant recipients suggested that increased number of

tablets, frequency of dosing, and side-effects pose potential

barriers to adherence [12]. Taking into account these

potential barriers to adherence and the importance of stable

therapeutic immunosuppressant levels for graft outcomes

suggested by this study, one might consider advocating

newer once-daily extended-release formulations of immu-

nosuppressants such as tacrolimus, which may ensure

sustained drug blood levels and improved adherence [28–

30]. Adherence may also be related to personality styles

such as impulsivity and poor coping skills [31], as well as

levels of ‘‘conscientiousness’’ [17]. Additional questions to

consider in future studies include whether healthcare pro-

viders give adequate support to transplant recipients. Are

patients equipped with the proper tools—including edu-

cation and access to health care resources—that would

enable them to achieve their therapeutic goals? Our find-

ings suggest that patients at risk for non-adherence,
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including those with a history of substance abuse, should

be carefully followed after liver transplantation with

additional supports provided by social workers, psycholo-

gists, and physicians. Currently, there is scarce data on the

most effective interventions for increasing medication

adherence post-transplantation; however, the literature

suggest a multi-disciplinary approach to chronic disease

management [32].

In summary, non-adherence to recommended medical

care is a common problem in liver transplant recipients,

and is independently associated with worse outcomes. Our

findings lend support for the use of standard deviation of

immunosuppressant levels as a screening tool for non-

adherence. Further studies are needed to determine whether

interventions targeted towards non-adherent patients could

improve outcomes. Predicting which liver transplant can-

didates are most likely to be adherent remains a difficult

and subjective clinical problem.
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Appendix: Survey Materials

People sometimes look to others for companionship, assistance, or other types of support.  How often is 
each of the following kinds of support available to you if you need it?  Please check the one box on each 
line that best applies to you. 

Available if you need it… NONE of 
the time 

A LITTLE 
of the time

SOME of 
the time 

MOST of 
the time 

ALL of 
the time 

Emotional/Informational Support 
63. Someone you can count on to 
listen to you when you need to talk 1 2 3 4 5

64. Someone to give you information 
to help you understand a situation 1 2 3 4 5

65. Someone to give you good advice 
about a crisis 1 2 3 4 5

66. Someone to confide in or talk to 
about yourself or your problems 1 2 3 4 5

67. Someone whose advice you really 
want 1 2 3 4 5

68. Someone to share your most 
private worries and fears with 1 2 3 4 5

69. Someone to turn to for suggestions 
about how to deal with a personal 
problem 

1 2 3 4 5

70. Someone who understands your 
problems 1 2 3 4 5

Physical Support 
71. Someone to help you if you were 
confined to bed 1 2 3 4 5

72. Someone to take you to the doctor 
if you needed it  1 2 3 4 5

73. Someone to prepare your meals if 
you were unable to do it yourself 1 2 3 4 5

74. Someone to help with daily chores 
if you were sick  1 2 3 4 5

Affectionate Support 
75. Someone who shows you love and 
affection 1 2 3 4 5

76. Someone to love and make you 
feel wanted 1 2 3 4 5

77. Someone who hugs you 
1 2 3 4 5

78. Positive social interaction 
1 2 3 4 5

79. Someone to have a good time with 
1 2 3 4 5

80. Someone to get together with for 
relaxation 1 2 3 4 5

81. Someone to do something 
enjoyable with 1 2 3 4 5

82. Someone to do things with to help 
you get your mind off things 1 2 3 4 5
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83.  Since your transplant surgery, who has been your MAIN source of support (emotional, 
physical, or affectionate)?  Please check only ONE answer. 

1 I primarily depend on myself for support 5 Friend 

2 Spouse 6 Religious Figure 

3 Significant Other/Partner 7 Medical Aide 

4
Family Member (e.g. child, parent, 
grandparent, sibling, etc.) 

8 My Doctor 

9 Other (please specify): __________________________________________ 

84.  Who currently lives with you?  Please check ALL that apply. 

1 I live by myself 5 Friend 

2 Spouse 6 Community Living 

3 Significant Other/Partner 7 Medical Aide 

4
Family Member (e.g. child, parent, 
grandparent, sibling, etc.) 

8 Other (please specify): __________________________________________ 

85.  Most of the time, who reminds you to take your transplant medications?  Please select 
the answer that best applies to you.  Please check only ONE answer. 

1 No one, I do it on my own 5 Friend 

2 Spouse 6 Community Living Assistant 

3 Significant Other/Partner 7 Medical Aide/Pharmacist 

4
Family Member (e.g. child, parent, 
grandparent, sibling, etc.) 

8 Other (please specify): __________________________________________ 

86.  Most of the time, who takes you to your doctor’s visits?  Please select the answer that 
best applies to you.  Please check only ONE answer. 

1 No one, I get there on my own (by car, bus, etc.) 5 Friend 

2 Spouse 6 Community Living Assistant 

3 Significant Other/Partner 7 Medical Aide 

4
Family Member (e.g. child, parent, grandparent, 
sibling, etc.) 

8 Other (please specify): __________________________________________ 

Taking anti-rejection medications can be very challenging.  These next questions ask about your use of  
anti-rejection medications during the past 3 months.   

During the past 3 months, how often have you done the following with your anti-rejection medications? 

Never Sometimes Frequently Always 
87.  I avoided taking my medications.

1 2 3 4

88.  When I avoid taking my medications, the main reason is (please choose only ONE answer): 

1 2 3 99
I want to prevent 

unwanted side effects. 
I want to save money. I think they are unhelpful. 

N/A – I never avoid 
taking my medications 

Never Sometimes Frequently Always 
89.  I accidentally missed a dose.

1 2 3 4

90.  When I accidentally miss a dose of my medications, the main reason is (please choose only ONE answer): 

1 2 99

I forget to take my medications 
I forget to get my  

prescription refilled 
N/A – I never  

accidentally miss a dose 
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