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Abstract
Purpose of review Non-adherence to the medical regimen after kidney transplantation can contribute to poor clinical outcomes,
and strategies to maximize adherence are sought by care providers and patients alike.We assessed recent evidence on prevalence,
risk factors, and clinical outcomes associated with non-adherence to the medical regimen after kidney transplantation. We
summarized recent clinical trials testing interventions to improve adherence and generated recommendations for future research
and clinical practice.
Recent findings A large evidence base documents rates of non-adherence to each of the multiple components of the
regimen, including medication-taking, lifestyle activities, clinical care requirements, and substance use restrictions.
Some risk factors for non-adherence are well known but the full range of risk factors remains unclear. Non-
adherence to immunosuppressants and to other components of the regimen increases morbidity and mortality risks.
Recent interventions, including education and counseling; electronic health strategies; and medication dose modifi-
cations, show promise for reducing immunosuppressant non-adherence. However, most of these interventions would
be difficult to deploy in everyday clinical practice. Systematic dissemination of efficacious interventions into clinical
practice has not been undertaken.
Summary Rates and risk factors for non-adherence to the medical regimen have been examined and there is evidence that non-
adherence may be ameliorated by a range of interventions. Although gaps in the evidence base remain, it would be timely to
devote greater efforts to dissemination of findings. Thus, efforts are needed to assist transplant programs in using existing
evidence to better identify patients who are non-adherent and to design and implement strategies to reduce or prevent non-
adherence.
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Introduction

Despite several decades of clinical and research attention,
non-adherence to the medical regimen after kidney transplan-
tation remains an area of ongoing concern for patients,
healthcare providers, and researchers. From the patients’ per-
spective, the medical regimen is complex and patients struggle
with managing its various components, as well as balancing
these requirements with problematic side effects and other
health-related concerns. From the healthcare providers’ per-
spective, it can be challenging to monitor patient adherence,
identify strategies to effectively address patient non-adher-
ence, and incorporate those strategies into routine patient care.
From the researchers’ perspective, the development of novel
protocols to better identify key risk factors for non-adherence
and to test innovative, scalable interventions remain priorities
in order to support and address patients’ and providers’ con-
cerns about posttransplant adherence. Given sustained clinical
and research attention to the issue of posttransplant non-ad-
herence, what are the key gaps remaining in this field and
where are efforts most needed in order to make new inroads
in reducing non-adherence after kidney transplantation?

In this review, we summarize recent evidence concerning
the prevalence and risk factors for non-adherence to the
posttransplant medical regimen and the role of non-
adherence in increasing risk for poor health outcomes after
kidney transplantation. We also consider findings from recent
clinical trials testing novel strategies to reduce non-adherence.
We then discuss translation of research findings into routine
clinical care provided by kidney transplant programs. Our
review focuses on adult kidney transplantation. Adherence
issues are different for pediatric recipients, given the necessary
involvement of family caregivers, and these issues have been
the subject of several recent reviews [1–4].

Prevalence of Non-Adherence

What Have We Learned?

Over the past 40 years, numerous studies have examined the
prevalence of non-adherence to elements of the multifaceted
medical regimen after kidney transplantation, as documented
in systematic reviews and meta-analyses [5•, 6–8]. Although
immunosuppressant non-adherence has received the greatest
attention, non-adherence to other components of the regimen
has also been considered. In the only analysis to date to con-
sider all components of the regimen, we found average non-
adherence rates across studies of kidney recipients to be 36%
of patients annually for immunosuppressant medications, 22
to 31% annually for lifestyle activities (diet, exercise) and 5 to
15% annually for completion of medical care requirements
(e.g., clinic appointment attendance, laboratory testing) [8].

Not only was immunosuppressant non-adherence more prev-
alent than non-adherence to other components of the regimen,
but it was more common in kidney recipients than in other
types of organ recipients [8]. More recent systematic reviews,
focused primarily on immunosuppressant non-adherence,
show no indication that average rates of medication-taking
have improved [5•].

Nevertheless, some new evidence suggests that moving
from twice-daily to once-daily dosing of the mainstay of the
immunosuppressive regimen, the calcineurin inhibitor, may
ultimately shift non-adherence prevalence rates downward.
Thus, following on a randomized clinical trial (RCT) demon-
strating better adherence with once-daily tacrolimus dosing
[9••], Lehner et al. [10•] reported on a multisite longitudinal
observational study of patients receiving once-daily dosing of
tacrolimus. They found self-reported non-adherence rates of
between 9 and 13% during the month before each study as-
sessment time point (through a maximum of 18 months of
follow-up). Although self-reported non-adherence has been
criticized as likely underestimating non-adherence, the non-
adherence rates observed by Lehner et al. were similar to those
reported in the Kuypers et al. RCT [9••], which relied on
electronic medication monitoring. Lehner et al. additionally
reported that the rate of “drug holidays” was very low (0–
2% across assessment time points), although non-adherence
to the required timing to take doses was common (~
42% across assessment time points). A weakness ac-
knowledged by Lehner and colleagues was absence of
a comparison group. Nevertheless, convergence of ob-
served non-adherence rates for medication-taking with
those found in the earlier RCT [9••] strengthens the
conclusions that can be drawn.

With respect to other components of the medical regimen
after kidney transplantation, substance use is an important
concern. Our meta-analysis found that, on average, from 1 to
3% of kidney recipients annually were non-adherent to trans-
plant program recommendations regarding substance use
(e.g., abstinence from tobacco use, drug use, and excessive
alcohol consumption) [8]. The greatest focus of research has
been on tobacco use, and a recent review reported that, aver-
aged across studies, 24% of kidney recipients smoked tobacco
at some point posttransplant [11••]. Because few studies have
examined use of any other substances by kidney recipients
[12], recent work examining marijuana use is significant.
Marijuana has been legalized for medicinal and/or recreational
use in a number of states in the USA. In a single-center cross-
sectional cohort study, Greenan et al. [13•] estimated
that 3% of kidney recipients were marijuana users,
based on medical record information (either self-report
or urine toxicology screens). However, these patients
varied in time since transplant, and thus it is difficult
to estimate either the annual or posttransplant lifetime
marijuana use in the kidney transplant population.
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Finally, it is noteworthy that patients’ level of adherence to
any single component of the posttransplant medical regimen is
unlikely to remain static over time. Non-adherence to immu-
nosuppressant medications has repeatedly been found to begin
within months of the kidney transplant and grow more com-
mon with time [14–17]. Similar patterns would be expected
for other components of the regimen, in keeping with evi-
dence from the general chronic disease literature indicating
that non-adherence rates increase over time after treatment
initiation [18, 19].

Can We Do Better?

In heavily studied components of the medical regimen (e.g.,
immunosuppression medication-taking), the added value of
new studies documenting prevalence rates is likely to be small.
Exceptions would be longitudinal observational studies, like
the work of Lehner et al. [10•], which focus on examining
non-adherence rates among programs that adopted empirically
supported adherence promotion strategies. However, for any
new studies, it would be important to reconsider the cut points
traditionally used to identify non-adherent patients. For exam-
ple, a commonly used cut point for non-adherence is taking
80% or less adherence of required doses [20]. However, this
definition—adopted because it has been used with medication-
taking for other chronic diseases [21]—may not be clinically
meaningful: even kidney recipients who are less than 95%
adherent to immunosuppressants appear to be at increased risk
for acute graft rejection and graft loss [22]. This suggests that
future descriptive studies should employ definitions of non-
adherence that are more closely aligned with clinical evidence
regarding the impact of deviations from prescribed immuno-
suppressant medication dosing on clinical outcomes.

Beyond immunosuppressant medication-taking, additional
work is needed to understand the nature and patterns of onset
of non-adherence to other components of the medical regi-
men, including lifestyle and medical follow-up requirements,
and substance use restrictions. Such work could help to iden-
tify areas requiring greater attention to intervention develop-
ment and deployment posttransplant.

Risk Factors for Non-Adherence

What Have We Learned?

There are two sources of information on risk factors: quanti-
tative studies of risk factor-outcome associations and qualita-
tive reports of kidney recipients’ views about what factors
affect their medical adherence. Within the quantitative litera-
ture, the major risk factors for non-adherence in chronic dis-
ease populations have been conceptualized as falling into five
classes [23]. These five classes, which we view as reflecting

three broad domains, are shown in Table 1. The table also
provides examples of specific risk factors found to be impor-
tant for kidney recipients. Among these, past non-adherence is
the strongest, most consistently identified risk factor for future
non-adherence in kidney recipients [7, 8, 15, 24, 25••]. In the
case of posttransplant substance use, not only does past use
predict future use [8, 11••], but use of any one substance after
transplantation is highly correlated with use of other sub-
stances [11••, 13•, 26, 27].

Risk factors for posttransplant medication non-adherence
have received the greatest attention. As for other chronic dis-
ease groups [28], the more complex the posttransplant medi-
cation regimen (in terms of both dosing frequency and total
number of medications), the greater the risk for non-adherence
among kidney recipients [5•]. The impact of the remaining
factors in Table 1 appears to be modest [8, 20]. Furthermore,
for some of the listed risk factors, evidence regarding their
impact on non-adherence is inconsistent. For example, some
studies find that minority race/ethnicity increases medication
non-adherence risk in kidney recipients [17, 29–31] while
other studies do not [32–34]. Inconsistent findings may arise
because race/ethnicity is best considered to be a proxy for
factors such as insurance status and access to care that more
directly contribute to non-adherence. Once such factors are
taken into account, any association of race/ethnicity with
non-adherence may be reduced or disappear [34].

Risk factors for posttransplant non-adherence in areas be-
yond medication-taking have received limited consideration.
An exception is posttransplant tobacco smoking, for which
evidence on risk factors has been steadily growing. Although
a recent meta-analysis [11••] does not single out studies of
kidney recipients from those of other types of organ recipients,
studies of kidney recipients comprised the bulk of available
reports. The authors found that, across studies, male sex, youn-
ger age, and higher bodymass index (BMI) increased smoking
risk. Common comorbidities (hypertension, diabetes, cardio-
vascular disease) were not reliable risk factors for smoking.
Other factors (e.g., psychological distress, coping styles) were
included in too few studies to evaluate their impact [11••]. For
use of other substances by kidney recipients, the few available
studies indicate that male sex is an important risk factor for
heavier alcohol use [27, 35]. In contrast, Greenan et al. [13•]
found that sex was not related to recreational marijuana use.
Instead, less education, being unmarried, current alcohol and
tobacco use, and a history of treated substance addiction were
associated with marijuana use.

A large qualitative literature has focused on posttransplant
medication adherence, as well as general self-management of
the regimen. Systematic reviews and in a recent meeting report
[36•, 37••, 38] summarize this evidence and capture kidney
recipients’ and other organ recipients’ own perceptions about
factors that affect their adherence. For example, at a recent
public meeting of the US Food and Drug Administration
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designed to obtain feedback from organ transplant recipients on
current pharmacotherapies after transplantation, key challenges
and difficulties patients noted with regard to maintaining adher-
ence to immunosuppressants included (a) frequent dosing; (b)
difficulties coordinating medications with dietary requirements;
(c) burdens associated with frequent clinic visits and with self-
and clinical team monitoring of health indicators; (d) medica-
tion side effects, including their long-term consequences; and
(e) difficulties remembering to take medications on time [36•].
These comments both echo and build on findings from system-
atic reviews, which note that managing the medical regimen is
considered by patients to be a complex task that can lead to
feelings of anxiety and burn-out [37••, 38]. At the same time,
patients strongly endorse a desire to protect their new chance at
life [37••, 38]. Overall, a balance between adequate self-
management of the regimen vs. a satisfactory quality of life
with tolerable side effects is an important goal but can be diffi-
cult to achieve.

Can We Do Better?

Despite a multitude of studies, we continue to have an incom-
plete picture of the full spectrum of key risk factors for non-
adherence to the medical regimen after kidney transplantation.
Few quantitative reports have simultaneously considered risk
factors across all of the classes shown in Table 1 in order to
determine which factors are most important for any given
component of the medical regimen. Many reports focus on
demographic and clinical factors assessed through med-
ical records, and do not assess patient psychosocial or
healthcare system-level factors. Recent studies have
attempted to include a more complete array of factors
[32, 33, 39, 40]. However, many such studies focus on
bivariate risk factor-non-adherence associations and have
samples too small to undertake complete consideration
of all factors’ unique associations with non-adherence in
multivariable analyses.

Table 1 World Health
Organization conceptualization
of factors that increase risk for
non-adherence to medical
regimen requirements in
chronic disease [23]

Classes of risk factors
for non-adherence

Subtypes of risk factors within each class, with examples of factors
important for kidney transplant recipients

Clinical factors Condition-related

Longer time since transplant

Transplant from a living donor

Better perceived health

Physical limitations

Treatment-related

More medications

More frequent medication dosing

Lack of use of reminder/alerting systems to prompt adherence-related activities

Bothersome side effects of medications or other treatments

Patient personal
factors

Psychosocial

Past non-adherence

Low health literacy

Low knowledge about one’s illness

Low self-efficacy

Poor social supports

Forgetfulness/cognitive impairment

Psychological distress

Daily routine changes

Sociodemographic

Younger age

Minority race/ethnicity

Low socioeconomic status

2Male gender (for non-adherence to substance use restrictions)

Healthcare system
factors

Health system/healthcare provider

Insurance status

Access to care

Provider-patient communication

Transitioned from pediatric to adult transplant program
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Furthermore, cross-sectional research predominates, and—
for many putative risk factors—this can preclude any deter-
mination that any given factor is a predictor rather than a
consequence of non-adherence. For example, instead of in-
creasing risks for non-adherence, psychosocial factors such
as psychological distress or feelings of low self-efficacy may
result from patients’ experience of difficulties in managing the
posttransplant regimen.

In the qualitative literature, excellent systematic re-
views summarize evidence across many individual re-
port. Thus, new research must more clearly define what
gaps remain that have not received sufficient attention
in the many qualitative studies conducted to date. In
addition, the quantitative and qualitative literatures seem
to continue to evolve largely in parallel, with little in-
tegration. For example, although qualitative research
provides rich descriptions of factors and circumstances
that patients feel matter most for their medical adher-
ence, these elements are not necessarily assessed in
quantitative research to determine the consistency and
magnitude of their impact [41].

Finally, although immunosuppressant medication-
taking is a critical component of the posttransplant med-
ical regimen, risk factors for other components of the
regimen (e.g., other medications, lifestyle activities,
follow-up care, substance use restrictions) deserve great-
er attention. For example, whether the risk factors that
are most important for immunosuppressant medication-
taking are equally important for adherence in these oth-
er areas remains largely unknown. In addition, it would
be important to examine whether non-adherence to any
one component of the regimen is associated with or
increases the risk for non-adherence to other compo-
nents. Although it appears that non-adherence behaviors
are not highly linked to each other (i.e., patients who
have difficulty taking medications are not necessarily
the ones who have difficulty with lifestyle or substance
use issues), there has been relatively limited consider-
ation of patterns of associations [8].

Non-Adherence as a Risk Factor
for Transplant-Related Morbidity
and Mortality

What Have We Learned?

As illustrated in numerous recent reports, immunosuppressant
medication non-adherence has a central role in increasing
risks for adverse clinical outcomes after kidney transplanta-
tion, including (a) acute graft rejection [16, 42, 43]), (b) chron-
ic rejection and long-term graft-related abnormalities [44], (c)
graft failure [16, 42, 45–49], and (d) patient mortality [46].

Immunosuppressant non-adherence is also associated with
higher rehospitalization rates [50] and healthcare costs [51].

Important recent findings help to explain linkages between
immunosuppressant non-adherence, acute graft rejection, and
graft failure [52–55, 56••]. The formation of donor-specific
antibodies (DSAs) is a major cause of late (> 1 year
posttransplant) graft loss [54]. Donor-recipient human leuko-
cyte antigen (HLA) mismatching, namely class 2 or higher
mismatching, provides the context for de novo DSA forma-
tion (and, consequently, antibody-mediated rejection) and/or
T cell-mediated graft rejection [55, 56••]. Immunosuppressant
non-adherence also increases the likelihood of DSA formation
[53, 54, 56••]. Late graft loss due to antibody-mediated and T
cell-mediated rejection is accelerated in the presence of im-
munosuppressant non-adherence. In contrast, recipients of
kidneys from HLA-mismatched donors below class 2 do not
show these outcomes, even if they are non-adherent to immu-
nosuppressants. These findings underscore the importance of
identifying transplant recipients with the greatest need for in-
terventions to maximize adherence.

Aside from immunosuppressant non-adherence, failure to
abstain from tobacco smoking after kidney transplant has re-
ceived considerable attention in relation to clinical outcomes.
The Duerinckx et al. [11••] systematic review indicates that
smoking has been linked to both cardiovascular disease and
patient mortality after kidney transplantation, and it is
also associated with graft failure [57]. Concerning other
substances, a small (and likely underpowered) study did
not find any association between marijuana use and pa-
tient or graft survival, or graft function [13•]. Finally,
kidney recipients with poorer rates of attendance at
posttransplant clinic follow-up appointments are at
greater risk for graft rejection and graft loss [31, 42],
and those who are non-adherent to medications pre-
scribed to treat cardiovascular comorbidities have poorer
survival [58].

Can We Do Better?

Although the ability of immunosuppressant medication non-
adherence to increase risk for poor outcomes after kidney
transplantation is well-documented, there are major gaps in
our understanding of the clinical impacts of other components
of the posttransplant medical regimen. For example,
concerning substance use, a greater examination of marijuana
use would be timely, given recent controversy regarding its
role in transplant program selection of patients to list for trans-
plant [59••]. Inhaled marijuana use has been linked to in-
creased lung infection risks in case reports in organ recipients,
including kidney recipients [59••]. Marijuana may alter immu-
nosuppressive medications’metabolism [60]. However, large-
scale studies of these issues in kidney recipients have not yet
been undertaken.

178 Curr Transpl Rep (2018) 5:174–188



Ta
bl
e
2

R
an
do
m
iz
ed

co
nt
ro
lle
d
tr
ia
ls
of

in
te
rv
en
tio

ns
to

im
pr
ov
e
im

m
un
os
up
pr
es
sa
nt

m
ed
ic
at
io
n
ad
he
re
nc
e
af
te
r
ki
dn
ey

tr
an
sp
la
nt
at
io
n

Fi
rs
ta
ut
ho
r,
ye
ar
(s
)

Sa
m
pl
e
si
ze

In
te
rv
en
tio

n
E
xp
os
ur
e
tim

e
F
ol
lo
w
-u
p
tim

e
Im

pa
ct
on

ad
he
re
nc
ea

E
du
ca
tio
n
an
d
co
un
se
lin
g

C
hi
sh
ol
m
-B
ur
ns
,

20
13

[6
1]

15
0

Ph
ar
m
ac
is
t-
le
d
be
ha
vi
or
al
co
nt
ra
ct
in
g;

ed
uc
at
io
n,
co
un
se
lin
g
on

ad
he
re
nc
e
go
al
s

an
d
pr
ob
le
m
-s
ol
vi
ng

Fi
ve

20
–3
0
m
in

cl
in
ic
or

ph
on
e

se
ss
io
ns

ov
er

12
m
on
th
s

3
m
on
th
s
po
st
-i
nt
er
ve
nt
io
n

In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(p
ha
rm

ac
y
re
fi
lls
)
th
an

us
ua
lc
ar
e
gr
ou
p
at
ea
ch

as
se
ss
m
en
ta
ft
er

ba
se
lin

e.
G
ar
ci
a,
20
15

[6
2]

11
1

N
ur
se
-l
ed

m
ed
ic
at
io
n-
ta
ki
ng

ed
uc
at
io
n;

co
un
se
lin

g
on

ad
he
re
nc
e
go
al
s
an
d

pr
ob
le
m
-s
ol
vi
ng

Te
n
w
ee
kl
y
30

m
in
cl
in
ic
se
ss
io
ns

3
m
on
th
s
po
st
-i
nt
er
ve
nt
io
n

In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(s
el
f-
re
po
rt
)
th
an

us
ua
lc
ar
e
co
nt
ro
lg

ro
up
.

B
es
sa
,2
01
6
[6
3]

12
6

Ph
ar
m
ac
is
t-
le
d
m
ed
ic
at
io
n-
ta
ki
ng

ed
uc
at
io
n

N
in
e
se
ss
io
ns

(s
es
si
on

du
ra
tio
n

no
tn

ot
ed
)
in

fi
rs
t9

0
da
ys

po
st
tr
an
sp
la
nt

E
nd

of
in
te
rv
en
tio

n
N
o
di
ff
er
en
ce
s
in

ad
he
re
nc
e
(b
lo
od

le
ve
ld

at
a,

se
lf
-r
ep
or
t)
be
tw
ee
n
in
te
rv
en
tio
n
an
d
us
ua
lc
ar
e

gr
ou
ps
.

B
re
u-
D
ej
ea
n,
20
16

[6
4•
]

11
0

M
ul
tid
is
ci
pl
in
ar
y
te
am

-l
ed

m
ed
ic
at
io
n-
ta
ki
ng

ed
uc
at
io
n

E
ig
ht

w
ee
kl
y
2-
h
sm

al
lg

ro
up

se
ss
io
ns

3
m
on
th
s
po
st
-i
nt
er
ve
nt
io
n

In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(s
el
f-
re
po
rt
)
th
an

us
ua
lc
ar
e
gr
ou
p
at

in
te
rv
en
tio
n
en
d
an
d
en
d
of

fo
llo

w
-u
p.

C
uk
or
,2
01
7
[6
5]

33
Ps
yc
ho
lo
gi
st
-l
ed

co
gn
iti
ve
-b
eh
av
io
ra
lt
he
ra
py
,

m
ot
iv
at
io
na
li
nt
er
vi
ew

in
g
fo
cu
se
d
on

ad
he
re
nc
e

Tw
o
2-
h
sm

al
lg
ro
up

se
ss
io
ns

ov
er

1–
2-
w
ee
k
pe
ri
od

~
4
w
ee
ks

po
st
-i
nt
er
ve
nt
io
n

In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(s
el
f-
re
po
rt
)
at
fo
llo

w
-u
p
an
d
m
or
e

im
pr
ov
em

en
ti
n
ad
he
re
nc
e
pr
e-

to
po
st
-i
nt
er
ve
nt
io
n
th
an

us
ua
lc
ar
e
co
nt
ro
l.

N
o
gr
ou
p
di
ff
er
en
ce

in
bl
oo
d
le
ve
ld

at
a
fr
om

ba
se
lin

e
bu
ti
m
pr
ov
em

en
ti
n
in
te
rv
en
tio
n
gr
ou
p

af
te
r
in
te
rv
en
tio
n
co
m
pa
re
d
to

co
nt
ro
lg

ro
up
.

E
le
ct
ro
ni
c
re
m
in
de
r,
al
er
tin

g,
an
d
m
on
ito

ri
ng

sy
st
em

s
M
cG

ill
ic
ud
dy
,b
20
13

[6
6]

19
E
M

bo
x
fo
r
al
lm

ed
s,
w
ith

al
er
ts
;t
ex
tm

es
sa
ge

re
m
in
de
rs
;t
re
at
in
g
ph
ys
ic
ia
n
gi
ve
n
fe
ed
ba
ck

on
pa
tie
nt

da
ta

3
m
on
th
s
of

us
e
of

st
ra
te
gi
es

E
nd

of
in
te
rv
en
tio

n
In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er
ad
he
re
nc
e
(b
as
ed

on
E
M
)
th
an

us
ua
lc
ar
e
co
nt
ro
ls
at
ea
ch

tim
e
po
in
t

un
til

en
d
of

in
te
rv
en
tio

n.
N
o
da
ta
pr
ov
id
ed

on
im

m
un
os
up
pr
es
sa
nt
s
se
pa
ra
te
ly

fr
om

ot
he
r

m
ed
ic
at
io
ns
.

R
ee
se
,2
01
7
[6
7•
]

11
7

E
M

m
on
ito

r
w
ith

al
er
ts
,u
se
d
al
on
e
or

w
ith

pr
ov
id
er

no
tif
ic
at
io
n.
Te
xt

an
d
e-
m
ai
l

re
m
in
de
rs
.

In
on
e
st
ud
y
ar
m
,p
at
ie
nt
s
w
er
e
ca
lle
d
if

ad
he
re
nc
e
de
cl
in
ed
;c
lin

ic
al
te
am

w
as

in
fo
rm

ed

6
m
on
th
s
of

us
e

L
as
t9

0
da
ys

of
in
te
rv
en
tio
n

(E
M
);
en
d
of

in
te
rv
en
tio
n

(s
el
f-
re
po
rt
);
6
m
on
th
s

po
st
-i
nt
er
ve
nt
io
n
(b
lo
od

le
ve
ls
)

R
em

in
de
rs
+
pr
ov
id
er

no
tif
ic
at
io
n
gr
ou
p
an
d

re
m
in
de
r
al
on
e
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(b
as
ed

on
E
M
)
th
an

us
ua
lc
ar
e
co
nt
ro
lg

ro
up
.

N
o
gr
ou
p
di
ff
er
en
ce
s
in
bl
oo
d
le
ve
ls
or

se
lf
-r
ep
or
t.

Sc
hm

id
,2
01
7
[6
8•
]

46
N
ur
se

ca
se

m
an
ag
er
-l
ed

te
le
m
on
ito

ri
ng

an
d

co
ac
hi
ng

(v
id
eo

co
ns
ul
ta
tio

n)
D
ai
ly

m
on
ito

ri
ng
,c
oa
ch
in
g
on

de
m
an
d
fo
r
12

m
on
th
s

po
st
tr
an
sp
la
nt

E
nd

of
in
te
rv
en
tio

n
In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er

ad
he
re
nc
e

(c
om

po
si
te
ad
he
re
nc
e
m
ea
su
re

of
cl
in
ic
ia
n

ra
tin

gs
,s
el
f-
re
po
rt
,b
lo
od

le
ve
ls
)
at
al
l

as
se
ss
m
en
ts
th
an

us
ua
lc
ar
e
co
nt
ro
lg

ro
up
.

D
os
in
g/
m
ed
ic
at
io
n
fo
rm

ul
at
io
n
ch
an
ge
s

K
uy
pe
rs
,2
01
3
[9
••
]

21
9

Sw
itc
h
fr
om

tw
ic
e-

to
on
ce
-d
ai
ly

ta
cr
ol
im

us
6
m
on
th
s

6
m
on
th
s
po
st
-r
an
do
m
iz
at
io
n

In
te
rv
en
tio
n
gr
ou
p
ha
d
hi
gh
er
ad
he
re
nc
e
(b
as
ed

on
E
M
)
co
m
pa
re
d
to

us
ua
ld

os
in
g
gr
ou
p.

B
P
bl
oo
d
pr
es
su
re
,E

M
el
ec
tr
on
ic
m
on
ito

ri
ng
,E

S
ef
fe
ct
si
ze
,H

R
Q
O
L
he
al
th
-r
el
at
ed

qu
al
ity

of
lif
e,
N
/A

no
ta
pp
lic
ab
le

a
G
ro
up

di
ff
er
en
ce
s
re
po
rt
ed

ar
e
st
at
is
tic
al
ly

si
gn
if
ic
an
t;
la
ck

of
di
ff
er
en
ce
s
in
di
ca
te
s
th
at
ef
fe
ct
s
w
er
e
no
ts
ta
tis
tic
al
ly

si
gn
if
ic
an
t.
St
ud
ie
s
di
d
no
tc
on
si
st
en
tly

re
po
rt
ef
fe
ct
si
ze
s.

b
In
te
rv
en
tio

n
al
so

in
cl
ud
ed

a
bl
oo
d
pr
es
su
re

m
on
ito

ri
ng

co
m
po
ne
nt
,n
ot

de
sc
ri
be
d.

Curr Transpl Rep (2018) 5:174–188 179



Interventions Focused on Non-Adherence
to the Medical Regimen

What Have We Learned?

Similar to work on prevalence and risk factors for non-adher-
ence, posttransplant adherence intervention research in kidney
recipients is dominated by a focus on immunosuppressant
medication-taking. Table 2 provides details on nine RCTs
for immunosuppressant non-adherence conducted in the past
5 years [9••, 61–63, 64•, 65, 66, 67•, 68•]. As shown, the
interventions fall into three major categories: educational
and counseling interventions, interventions relying on elec-
tronic health (e-health) approaches, and a dosing/medication
formulation change intervention.

Eight of the nine trials found evidence of intervention effi-
cacy. Such effects were found despite heterogeneity in sample
size and methods used to assess adherence (e.g., electronic
medication monitoring, patient self-report, immunosuppres-
sant blood levels). There was also considerable variability in
the duration of exposure to the interventions (ranging from
2 weeks to 12 months) and variability in whether and how
long patients were followed after interventions ended. A re-
cent systematic review of kidney recipient adherence interven-
tion studies completed in the last three decades, including both
RCTs and non-randomized studies, concluded that the most
efficacious interventions were multimodal, i.e., they com-
bined different strategies, such as education plus counseling
[69•]. Indeed, six of the nine trials in Table 2 were multimodal.
However, even single-component interventions such as the
Kuypers et al. [9••] examination of once-daily tacrolimus dos-
ing have been found to be efficacious. In general, education
alone is not likely to be effective in most circumstances [25••,
70•]; this is evident when considering adherence-promoting
interventions across all types of organ recipients [70•] and, in
fact, the “usual care” control arms in the RCTs in Table 2
usually relied on education-only approaches.

Several of the trials in Table 2 also examined clinical out-
comes, including infections [63], graft function [62, 68•], graft
rejection and loss [63, 68•], and death [62, 63, 64•]. Some
considered indirect measures of health outcome, including
rehospitalizations [61, 63, 68•], and emergency and outpatient
visits [61, 68•]. The adherence interventions reduced rehospi-
talization risk in two studies [61, 68•]. However, it is striking
that there were no other effects on clinical outcomes.

Some recent attention has been directed to testing interven-
tions to promote adherence to other components of the
posttansplant medical regimen. For example, McGillicuddy
et al. [66] incorporated blood pressure monitoring into their
RCT (see Table 2) and found that remote monitoring, along
with alerting the transplant teamwhen blood pressure readings
were outside of the safe range, led to lowered systolic (but not
diastolic) blood pressure by the end of the trial. This effect was

maintained at a 12-month follow-up [71]. In addition, inter-
ventions to facilitate weight control, exercise, and diet have
been found capable of changing kidney recipients’ behaviors
and improving health parameters [72, 73]. However, high
drop-out in these studies suggests that either the intervention
activities or the trial designs were not acceptable to patients
and thus conclusions from these studies are limited. We have
been unable to identify any studies evaluating interventions to
reduce risk of tobacco, alcohol, or other substance use in kid-
ney recipients. A published protocol described a trial testing a
non-pharmacologic intervention (brief counseling plus feed-
back on patients’ carbon monoxide oximetry) in order to pro-
mote smoking cessation in kidney recipients [74]. However,
no results have yet been reported.

Can We Do Better?

Studies have either not examined or been unable to demonstrate
that immunosuppressant adherence-promoting interventions
improve clinical outcomes. Such results may largely reflect
the inclusion of follow-up periods that are too brief in most
studies to accrue enough clinical events for meaningful analy-
sis. A focus on determining clinical impact, with sufficient sta-
tistical power, would be a critical area to pursue in the future.
Moreover, the long-term durability of intervention effects on
adherence behaviors also has not been adequately examined.
Indeed, it has been noted that short-term, time-limited interven-
tions themselves are unlikely to lead to sustained adherence
after intervention completion [21, 70•, 75]. Clearly, labor-inten-
sive, complex interventions (e.g., some of the counseling inter-
ventions in Table 2) are unlikely to be realistically offered over
many years in either RCTs or clinical practice. Hence, there is a
great need to focus on developing and testing strategies that
could be deployed for sustained use. As suggested by some of
the RCTs in Table 2, as well as others in other types of organ
recipients, electronic health (e-health) interventions, including
smartphone apps, text messaging, and remote monitoring, may
have particular promise [70•, 76••]. Indeed, text messaging is a
prime example of a low-cost, low technology approach that has
been found to be surprisingly effective in chronic disease pop-
ulations and does not even require a smartphone, a home com-
puter, or other monitoring tools [77•].

Future studies would also do well to consider findings from
the qualitative literature in designing new interventions. For
example, patients’ concerns about how to establish workable
daily routines and about the key barriers to those routines
could facilitate the development of novel e-health or even
more conventional interventions. Indeed, user-centered de-
sign—an approach frequently used in the development of e-
health strategies—includes end-users in all phases of interven-
tion development, and it may be a powerful tool for creating
new strategies that patients find helpful and easy to adopt [78,
79]. End-users also likely include transplant program
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personnel, who thus should also be involved in the design of
new interventions.

These considerations for future work would also likely ap-
ply to intervention development beyond medication adher-
ence. Clearly, there is a considerable void in terms of
evidence-based interventions to promote adherence to other
components of the posttransplant medical regimen. Applying
principles of user-centered design, for example, may help to
overcome past problems in mounting efficacious lifestyle
modification interventions for kidney recipients.

Strategies Used in Clinical Practice to Improve
Kidney Recipients’ Adherence

The evidence on prevalence, risk factors, and empirically
evaluated interventions leads us to make two major recom-
mendations. We offer them first, then describe work relevant
to their use, and conclude with suggestions for work needed in
the future.

Recommendation 1. Screening: consistent with clinical
care guidelines [25••, 80••], kidney recipients should be
routinely screened, using reliable screening tools, for dif-
ficulties related to adherence to the posttransplant medi-
cal regimen. Recipients with one or more known risk
factors for non-adherence should be screened more fre-
quently and/or extensively.
Recommendation 2. Adherence interventions: when non-
adherence problems are identified, kidney transplant pro-
grams should employ evidence-based interventions,
drawing on either studies demonstrating efficacious inter-
ventions in kidney recipients or—absent such evidence—
interventions tested in other transplant or chronic disease
populations. Kidney transplant programs may also con-
sider preventive tactics, i.e., implementing evidence-
based interventions in all recipients (or at least in those
at high risk for non-adherence) to avert or limit non-
adherence.

What Have We Learned?

Berben and colleagues [81] conducted a survey of nursing
professionals’ screening and intervention practices to promote
medication adherence in organ recipients. The sample
consisted of 86 nurses almost exclusively from European pro-
grams that included but were not limited to kidney transplan-
tation. From a list of possible screening practices, 61% of
respondents reported that they “frequently” (as opposed to
“seldom” or “never”) used questioning during follow-up visits
to identify non-adherence, and 2% used blood levels for this
purpose. In addition, 43% reported that they frequently

screened for non-adherence risk factors (although their
methods for this screening were not reported), and 5% fre-
quently used an electronic monitoring device to track medica-
tion adherence levels. Regarding adherence-enhancing inter-
ventions, although respondents were queried about a variety
of possible approaches encompassing education, counseling,
support groups, and behavioral contracts, by far the most com-
mon strategies (each used by 79% of respondents) were pro-
viding reading materials and providing inpatient education on
how to take medications before patients were discharged after
transplant. It was not clear whether any of the strategies en-
dorsed were modeled after or replicated evidence-based inter-
ventions (e.g., those listed in Table 2).

Given the relatively small intervention literature in either
kidney or other types of organ transplantation, Oberlin and
colleagues [82•] conducted a “scoping review” to consider
literature well beyond transplantation, and even beyond
healthcare settings, in order to identify potentially useful med-
ication adherence promotion approaches for dissemination
and uptake by kidney transplant programs. Scoping reviews
seek to map broad literatures on a particular topic or research
area; they are exploratory and aim to provide an overview of
sources and types of available evidence that could inform
practice, policymaking, and research [83]. Oberlin et al.
[82•] concluded that kidney transplant programs should adopt
five strategies in order to incorporate evidence-based interven-
tions into their clinical care activities. These strategies, shown
in Fig. 1, are equally applicable to components of the
posttransplant medical regimen beyond medication-taking.
As detailed in the figure, screening and active intervention,
particularly with high-risk subgroups, are critical activities but
likely must occur in combination with building a foundation
of trust with the patient and collaboration with other
healthcare providers (e.g., patients’ primary care physicians).

Can We Do Better?

To date, there is little evidence that kidney recipients are rou-
tinely screened for non-adherence problems during clinical
follow-up, and no evidence that evidence-based interventions
have been systematically adopted by transplant programs to
either remediate or prevent non-adherence. We are unaware of
any published trials that focused on dissemination and uptake
of interventions by transplant programs, despite the impor-
tance of such activities [84].

Screening for Adherence Problems

Recommendations for screening strategies for kidney re-
cipients are listed in Table 3. Available screening ap-
proaches include patient-report measures, biologic as-
says, and review of patients’ electronic health records
for trends on key parameters. For medication-taking,
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self-report is often considered inferior to methods such
as electronic monitoring. However, electronic medication
monitoring is rarely feasible in clinical settings [110].
Self-report measures can yield valid information
[111••], and several brief measures are available for im-
munosuppressant non-adherence [112]. These measures
evolved from assessments of medication-taking in other
chronic disease populations, suggesting that the mea-
sures could be further modified to assess other medica-
tions required by kidney recipients. Rather than using
self-report measures, a common clinical practice is to
employ open-ended questioning. If such an approach is
used, clinicians should follow experts’ recommendations
on appropriate questioning [28]. However, open-ended
questioning may be inconsistently applied and thus
should not be the sole source of information. No matter
what assessment approach is used, face-to-face screen-
ing may not always be feasible because kidney recipi-
ents return to the transplant program with decreasing
frequency as time goes by posttransplant. Especially
for patients with strong risk factors for non-adherence,
remote screening (e.g., via telephone or other telehealth
communication strategies) or collaboration with recipi-
ents’ local healthcare providers (e.g., primary care phy-
sicians) to perform screening may be options.

Concerning other strategies to identify medication
non-adherence, transplant programs should avoid reliance
on biopsy evidence of graft rejection or low blood levels
of a given medication. Both sources of evidence may be
heavily influenced by factors unrelated to non-adherence.
Blood level data may be more useful if clinicians employ
a measure that determines whether blood level variability
over time exceeds that likely due to biological factors,
interactions with other medications or foods, or measure-
ment error. These measures are not unduly difficult to
calculate and rely on data usually readily available in

patients’ medical records. Alternatively, transplant pro-
grams may be able to employ algorithms within their
medical record systems that could monitor variability in
blood levels automatically and provide alerts to
clinicians.

Patient difficulties with some other components of
the medical regimen may also be relatively easily deter-
mined by medical record review, including clinic ap-
pointment attendance, completion of laboratory testing,
and BMI level (as an indicator of difficulty with diet
and possibly exercise) (Table 3). Self-report screeners
have been developed for physical activity, level of ex-
ercise, and dietary habits. Finally, for patients at risk for
relapse to one or more types of substance use, a number
of screening tools and approaches are available, as not-
ed in Table 3. Among these, biological assessments are
the most costly, require patients to be seen in person,
and may not detect sporadic use. Thus, they should be
reserved for situations in which substance use risk is
high or frequent use is suspected [106]. Clinical
interviewing, in conjunction with self-report measures,
may uncover more substance use than biological mea-
sures [113].

Clinical Intervention for Adherence Problems

Kidney transplant programs should consider a number of
options for intervention with their patients (Table 3). The
interventions tested in kidney recipients to date are rele-
vant possibilities. Among these, the reduction of tacroli-
mus dosing from twice to once daily is perhaps the most
likely to be successfully mounted. The intervention test-
ed by Reese and colleagues [67•], involving text messag-
ing and e-mail reminders about medication-taking, was
also efficacious and may be a realistic option for use in
some transplant programs. However, e lectronic

Embed medication (and other 

areas of) adherence into the 

organization’s culture (e.g., 

screen for/track)

Stratify patients by their 

needs and risk factors so that 

interventions can be deployed 

appropriately

Improving adherence 

to the medical regimen

Employ multiple interventions; 

one size does not fit all

Develop collaborative 

partnerships with patients’ 

other care providers to keep 

adherence as a priority 

Build a foundation of trust  

to allow patients to openly 

communicate about 

adherence problems

Fig. 1 Strategies for
incorporating evidence-based
approaches into daily practice in
order to maximize kidney
recipients’ adherence to the
posttransplant medical regimen
(adapted from the work of Oberlin
et al. [82•])
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medication monitoring was an integral feature of the in-
tervention, and as we noted above, such monitoring is
difficult to use in clinical practice. Nevertheless, the
Reese et al. study suggests that mobile or e-health inter-
vention strategies could be useful for kidney recipients,
as we discussed earlier [70•, 76••, 77•].

Many of the remaining interventions tested in kidney re-
cipients (e.g., Table 2), although successful, involved multiple
face-to-face sessions and multiple activities (e.g., education,
counseling, and other components). These individual and
group-based coaching/counseling interventions may thus re-
quire resources (time, staffing support, expertise) that

transplant teams do not have. Furthermore, these interventions
may be difficult to replicate. It is not clear that step-by-step
instructions and full manuals of operation are available for the
multicomponent interventions tested in Table 2; it seems
doubtful that healthcare providers trying to replicate the inter-
ventions in clinical practice would be able to create the exact
intervention that was tested in a research protocol.
Nevertheless, it is possible that transplant programs’ review
of published reports on interventions found effective to date
may suggest ways in which the programsmight begin to mod-
ify their current practices in order to increase effectiveness in
addressing and/or preventing non-adherence.

Table 3 Recommendations and strategies for addressing adherence issues in kidney transplant program clinical practice

Recommendation Strategies to consider

1. Screen for non-adherence
to the medical regimen

• Use screening strategies with all kidney recipients

• Implement screening at all clinic visits since non-adherence can begin even soon posttransplant

• Plan for more intensive screening (more frequent or more extensive assessments) in recipients at high risk for
non-adherence to a given component of the regimen

• Choose screening tools that are accurate, valid, and easy to use, including the following examples:

Medication-taking

Patient self-report surveys: Immunosuppressant Therapy Adherence Scale [85]; Basel Assessment of Adherence
Immunosuppression Scale [86]

Blood level variability assessments: Medication Level Variability Index [87]; Coefficient of Variation [88]

Clinic appointment and laboratory test attendance; lifestyle issues

Review of patient medical records for repeated failure to keep appointments and for elevated or rising BMI levels

Patient self-report surveys of physical activity: International Physical Activity Questionnaire, Short Form “Past
7 days” [89]; General Practice Physical Activity Questionnaire [90]

Patient self-report survey of diet: Rapid Eating and Activity Assessment for Participants, Short Version [91]

Substance use

Patient self-report surveys of tobacco use: Fagerström Test for Nicotine Dependence, smoked [92] and
smokeless [93]

Patient self-report surveys of alcohol use: CAGE Questionnaire [94]; Michigan Alcoholism Screening Test (full,
short, brief versions) [95–97]; Alcohol Use Disorder Identification Test [98, 99]

Patient self-report surveys of drug use or polysubstance use: Single-Item Screen [100]; Drug Abuse Screening Test
(and its derivatives) [101, 102]; Alcohol, Smoking and Substance Involvement Screening Test [103]; CAGE
Questionnaire Adapted to Include Drugs [104]; RAFFT Questionnaire [105]

Biologic measures of tobacco, alcohol, or other drug use: blood, urine, hair, saliva sampling [106, 107]

2. Implement evidence-based
interventions to address or
prevent non-adherence

• Implement interventions for kidney recipients found to have adherence problems; interventions offered may need to
become permanent components of the care provided to those recipients

• Consider implementing interventions to prevent non-adherence in all kidney recipients

• Consider employing interventions found effective in kidney recipients (see Table 2)

• Aim to identify simpler interventions (e.g., modifications in immunosuppressant dosing) to implement, as opposed to
complex multicomponent interventions

• Consider employing e-health interventions (text messaging, remote monitoring)

• Consider referral to formal intervention programs to improve adherence to lifestyle requirements (e.g., diet, exercise)

• When no interventions have been tested in kidney or other organ recipients, consider interventions known to be
effective for similar problems in other populations. Interventions for substance use are prime examples [12, 108, 109]:

Counseling-based strategies (e.g., cognitive-behavioral therapies, motivational interviewing)

Self-help approaches (e.g., Alcoholics Anonymous and Narcotics Anonymous)

Nicotine replacement therapies (gum, transdermal patch, nasal spray, inhaled nicotine, oral tablets/lozenges)

Other pharmacotherapies for nicotine or other substance addictions
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At least for some components of the regimen (e.g., lifestyle
issues related to diet, exercise, obesity), an option may be to
refer patients to services outside of the transplant program
rather than for transplant programs to design in-house pro-
grams. Some patientsmay have health insurance coverage that
would allow for such referrals. Similar considerations would
arise for the treatment of substance use issues. Although no
intervention strategies have been tested to address non-
adherence to substance use restrictions specifically in
kidney recipients, there are many examples of both
non-medication-based and medication-based strategies
that have been found effective in other patient populations
(Table 3) [12, 108, 109].

Finally, as transplant programs consider ways tomodify the
care that they offer in order to promote adherence to the reg-
imen, it would be wise for them to heed comments resulting
from a systematic review of the general literature on non-
adherence in chronic disease, which noted that there is no
permanent “cure” for non-adherence [21]. Interventions are
therefore likely to be required as part of the lifelong care of
each transplant recipient [70•, 75].

Conclusions

The evidence base defining the scope of medical regi-
men non-adherence in kidney recipients is growing, and
risk factors for non-adherence to specific components of
the medical regimen are becoming better understood.
This body of work, in turn, facilitates the design and
testing of intervention strategies to reduce or prevent
non-adherence to the posttransplant regimen. Nevertheless,
greater headway is needed in identifying the full range
of risk factors for this problem, as well as in developing
and testing strategies that transplant programs can read-
ily incorporate into their routine care of kidney recipi-
ents. Refinements in screening and identification of pa-
tients who have become non-adherent or are at greatest
risk for this problem may lead to the more targeted
deployment of transplant program efforts to assist pa-
tients to adhere to the medical regimen.
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