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Background—~Poor adherence to immunosuppressive medications is a major cause of premature
graft loss among children and young adults. Multicomponent interventions have shown promise,
but have not been fully evaluated.

Study Design—Unblinded, parallel arm randomized trial to assess the efficacy of a clinic-based
adherence-promoting intervention.

Setting & Participants—Prevalent kidney transplant recipients 11-24 years of age and =3
months post-transplantation at 8 kidney transplant centers in Canada and the United States (Feb.
2012 — May 2016) were included.

Intervention—Adherence was electronically monitored in all participants during a 3-month run-
in, followed by a 12-month intervention. Participants assigned to the TAKE-IT intervention could
choose to receive text message, email, and/or visual cue dose reminders, and met with a coach at
3-month intervals when adherence data from the prior 3 months were reviewed with the
participant. ‘Action-Focused Problem-Solving’ was used to address adherence barriers selected as
important by the participant. Participants assigned to the control group met with coaches at 3-
month intervals but received no feedback about adherence data.

Outcomes—The primary outcomes were electronically-measured ‘taking’ adherence (the
proportion of prescribed doses of immunosuppressive medications taken) and ‘timing” adherence
(the proportion of doses of immunosuppressive medications taken between 1 hour before and 2
hours after the prescribed time of administration) on each day of observation. Secondary outcomes
included standard deviation of tacrolimus trough levels, self-reported adherence, acute rejection,
and graft failure.

Results—There were 81 patients assigned to intervention (median age 15.5 years; 57% male)
and 88 to the control group (median age 15.8 years; 61% male). Electronic adherence data were
available for 64 intervention and 74 control participants. Participants in the intervention group had
significantly greater odds of taking prescribed medications (OR, 1.66; 95% CI, 1.15-2.39]) and
taking medications at or near the prescribed time (OR, 1.74; 95% CI, 1.21-2.50) than controls.

Limitations—Lack of electronic adherence data for some participants may have introduced bias.
There was low statistical power for clinical outcomes.

Conclusions—The multicomponent TAKE-IT intervention resulted in significantly better
medication adherence than the control condition. Better medication adherence may result in
improved graft outcomes, but this will need to be demonstrated in larger studies.

Keywords

adherence; randomized trial; adolescent; young adult; intervention; kidney transplantation; renal
transplant; teen; compliance; intervention; behavioural; immunosuppressant; graft survival; end-
stage renal disease (ESRD)

Am J Kidney Dis. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Foster et al.

Page 3

INTRODUCTION

Adolescence and young adulthood is a high-risk period for kidney transplant recipients.
Graft failure rates increase from about 11 years old, and are higher between 17 and 24 years
than at any other agel. Poor adherence to immunosuppressive therapy is believed to be a
major contributor to the high graft failure rates in this age group?—#, and is one of the most
important factors limiting survival of renal allografts in any age group®.

Most poor medication adherence is ‘unintentional’®. Forgetting and poor organization and
planning were the most commonly identified adherence barriers in young kidney transplant
recipients’:8. Neurocognitive dysfunction, particularly disturbances in executive function
and memory®-11, is common among individuals who experienced chronic kidney disease in
childhood; this may also impair medication management abilities.

A 2008 NIH consensus conference highlighted the urgent need for randomized trials of
adherence-promoting interventions for adolescent and young adult transplant recipients and,
like a subsequent Cochrane review!2, emphasized the superiority of multi-component
interventions!2. The innovative TAKE-IT intervention was developed to address common
modifiable barriers to adherence with an individually-tailored approach that included a
combination of electronic adherence monitoring and feedback, problem-solving skills
training, goal-setting, and technology-based adherence support (text message dose
reminders). These approaches showed the most promise in prior studies!415-20, and
subsequent studies and systematic reviews have reinforced TAKE-IT’s choice of
intervention components2123,

The aim of this study was to test the efficacy of TAKE-IT, a novel, multicomponent
adherence-promoting intervention, compared with an attention control condition, in
improving medication adherence among adolescent and young adult kidney transplant
recipients. We hypothesized that those randomized to the TAKE-IT intervention would
demonstrate significantly better medication adherence than those assigned to control. Our
intervention, outlined in Figure 1, was geared to improve ‘implementation’ of the prescribed
medication regimen, defined as “the extent to which a patient’s actual dosing corresponds to
the prescribed dosing regimen24”,

METHODS

Trial Design

This prospective, parallel arm, unblinded, randomized controlled trial was conducted at 8
pediatric transplant programs in Canada and the United States from Feb. 2012 to May 2016.
The methods were previously described in detail?>. TAKE-IT was approved by the Research
Ethics Boards of all sites (Research Ethics Board approval number 10-365-PED). Written
informed consent was obtained from all participants and parents (for those <18y).

Study Population

Prevalent kidney-only transplant recipients aged 11-24 years who were =3 months post-
transplantation, had a functioning graft, and were expected to be followed-up in one of the
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participating centers for the 15-month study were eligible. Patients were excluded for
impending graft failure, severe neurocognitive disabilities, lack of electronic pillbox
connectivity, use of liquid immunuosuppressive medications, having a sibling participating
in the study, participating in another adherence-promoting intervention study, or inability to
communicate comfortably in English (or French -- Montreal site only).

Study overview

Participants were recruited and face-to-face study visits conducted every 3 months over 15
months (Figure 1), in conjunction with routine clinic visits, by a paid study ‘coach’ with no
specific professional background, but with training in intervention and control procedures.
Some coaches had an undergraduate psychology degree, some were psychology graduate
students, and one was a nurse; all were trained clinical research professionals and also
served as the study coordinator. There was one coach at each site who was not a member of,
and did not interact with the treating team; the coach conducted both intervention and
control visits. Clinical providers continued to deliver standard of care to all participants,
including adherence assessment and promotion, but were not involved with delivery of the
intervention. No information collected for study purposes was shared with the treating team.

Adherence assessment

At enrollment, all participants were given an electronic multi-dose pillbox in which a//
medications were stored. During the first 4-6 months of recruitment, participants received a
Medminder pillbox (Medminder, Needham, MA). Due to technical difficulties with this
device for some participants, subsequent participants were provided a SimpleMed device
(Vaica Medical, Tel Aviv, Israel); the Medminder and Simplemed were similar, with the
same types of adherence tracking and reminder functions. Both devices connected using
cellphone technology; an internet connection was not needed. Prescribed dosing times were
recorded in each participant’s web-based pillbox record. The date and time of each pillbox
compartment opening was registered in the patient’s electronic pillbox record. Participants
were asked to keep a log of medication dosing times when they took a dose from a source
other than the pillbox26 (i.e. pocket, purse), and to inform study staff if they were not using
the pillbox for a period (i.e. weekend or vacation travel).

Participants and their parent completed the validated adolescent (AMBS) and parent
(PMBS) versions of the Medication Barriers Survey?’, and a self-report adherence
questionnaire, the Medical Adherence Measure Medication Module (MAM-MM)?28 at
enroliment.

A 3-month run-in period, during which no intervention was applied, followed the enroliment
visit; this allowed habituation to the device and collection of baseline adherence data prior to
intervention. Pillbox dose reminder functions were disabled for all participants during the
run-in.

Randomization and blinding

The statistician randomized participants centrally by computer-generated sequence after
enrollment, by site, 1:1 to intervention or control in age strata (11-13y., 14-16y., 17-19 y.,
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20-24y.), in blocks of 4. Allocation to intervention or control was concealed from
participants, clinical care providers, and study personnel during the first two months of the
run-in. Group allocation was revealed to study personnel and participants one month prior to
the first intervention to allow intervention participants to plan for a longer visit. Blinding
was not feasible. The clinical team was not informed of group allocation.

Figure 1 outlines timing and content of intervention sessions. The intervention was based on
the self-management model2°. At the first intervention visit, the patient and coach (together
with the parent, for participants who chose this) formed an Adherence Support Team, and
the responsibility of each team member for medication adherence was clarified0. The coach
delivered standardized education on immunosuppressive medications via slide presentation,
identified adherence barriers using the AMBS/PMBS27 and the last 3 months of electronic
monitoring data and then used ‘Action-Focused Problem-Solving’ to address barriers
selected as most important by the patient. The patient chose one or two barriers to address at
each session. Action-focused problem-solving involved brainstorming possible solutions to a
barrier, rating the potential solutions, and selecting one solution to implement. Action-
focused problem-solving is distinguished from other problem-solving approaches by placing
the solution in concrete terms in the form of an “If/when...then...” statement2°. Intervention
arm participants could also choose to receive text message, email, or visual cue dose
reminders throughout the study. At subsequent sessions the coach, patient, and parent jointly
reviewed the electronic adherence monitoring data from the prior 3 months to identify
adherence patterns and guide the development and revision of action plans. Patients could
continue to work on the same barrier(s), or select a new barrier to address.

Control condition

Control group study visits were conducted at the same intervals as intervention visits and
consisted of the coach engaging in active listening and providing nonspecific support only.
Adherence was NOT discussed with control participants.

Training and Treatment Integrity

All coaches underwent an intensive 2-day, in-person training session, including lectures and
observed role-playing with feedback (Item S1). Intervention and control sessions were
audio-recorded for assessment of treatment integrity2°. Fidelity (i.e. was intended content
delivered to intervention patients, but not control) was assessed for all recorded intervention
and control sessions. For each coach, competency (i.e., quality of content delivery) was
evaluated for all sessions for each of their first two participants and a random sample of 25%
of their subsequent intervention sessions (overall 37% were rated for competency).
Supervising psychologists reviewed sessions, rated competency, and provided feedback to
Coaches via monthly teleconferences throughout the study.

Outcome Measures

The primary outcomes were daily *faking adherence” (proportion of prescribed doses taken)
and “timing adherence’ (proportion of prescribed doses taken within 1 hour before to 2
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hours after the prescribed dosing time), as measured using electronic monitoring26:31-34,
Because the majority of participants took immunosuppressives two times per day, and the
risks associated with missing 1 of 2 doses are likely different that those associated with
missing 2 of 2 doses, we wished to capture all possible dosing scenarios. Each day was
scored as 0%, 50%, or 100%, depending on whether the patient took none, half, or all
prescribed doses. Timing adherence scores could also take the values 0%, 50%, or 100%.
Each participant had taking and timing adherence scores calculated for each day of the study
to allow assessment of change over time. On days that the pillbox was not in use (turned off,
not communicating with the server, or participant-reported non-use), no score was calculated
(data missing). Additional analyses were conducted using electronic adherence data
supplemented with data from logs of doses taken from a source other than the electronic
pillbox.

Secondary adherence outcomes included standard deviation (SD) of tacrolimus trough levels
and self-reported adherence. For the 6-month interval before intervention and the 12-month
intervention interval, the SD of all tacrolimus trough levels obtained for clinical care (except
during hospitalizations or illnesses) were calculated for participants with >3 levels. Self-
reported taking and timing adherence, assessed using the MAM-MM, were scored as the
proportion of doses taken and the proportion of doses taken up to 2 hours after the
prescribed time respectively in the previous week. MAM-MM scores for each patient were
summarized as the mean of the two scores in the run-in and the mean of the four scores post-
intervention.

The estimated glomerular filtration rate (eGFR; Schwartz formula3® for children and CKD-
EPI36 equation for young adults =18 years) was calculated at enrollment, intervention start,
and study exit. Annualized change in eGFR over the intervention interval was calculated for
each participant. Adverse event rates, including acute rejections (biopsy-proven or physician
diagnosed) and graft failures were also determined.

Statistical analysis

We estimated a sample size of 75 participants per group to have 85% power to detect a 20%
difference in taking adherence between groups, using 2—sided t-tests and setting alpha at
0.05, assuming a common standard deviation of 40%. Power calculations for repeated
measures analyses are not standard; a repeated measures approach is expected to provide
additional power. Targeted enrollment of 176 participants accounted for 15% drop-out.

Primary analyses were conducted using SAS (Version 9.2, SAS Institute Inc.), following
intention-to-treat principles. All available electronic adherence data were used. The first 2
weeks of electronic data during the run-in were excluded to allow accommodation to the
device37. We used unadjusted ordinal logistic regression with generalized estimating
equations to account for repeated measures (i.e. score on each day) to compare taking and
timing adherence between the intervention and control groups during the intervention
interval. An additional ‘as-treated’ analysis considered participants who were assigned to
intervention, but did not receive intervention, as controls. Comparisons of tacrolimus SD and
self-report adherence were done using Wilcoxon rank-sum tests.
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Several sensitivity analyses were performed. We used multivariable models to adjust for
factors not well balanced between intervention and control. To determine which variables to
include in the adjusted models, we calculated standardized differences between intervention
and control38; all variables with effect size >0.2 were included. To estimate results including
the expected contributions of the 17 patients assigned to intervention and the 14 assigned to
control who had no pillbox data in the intervention interval, we used inverse probability
weighting, based on their age (<17y vs. 217y), sex, race (Black vs. non-Black), and pre-
intervention adherence (MAM score 100 vs. <100) profiles39:40,

Annualized change in eGFR over the intervention interval was compared between groups
using a 2-sided, independent two samples t-test. Acute rejection, graft failure, and other
adverse event rates were compared between intervention and control groups using Chi
square.

We screened 388 patients, representing virtually all patients in the target age range across
sites. We identified 277 who were eligible, and enrolled 172 between Feb. 3, 2012 and Feb
1, 2015; 169 were randomized -- 81 to intervention and 88 to control (Figure 2). The
characteristics of refusals and those without pillbox data in the intervention interval are
shown in Tables S1 and S2. Baseline characteristics (Table 1) were similar between the two
groups, though not perfectly balanced. Pre-intervention adherence and barrier burden by
AMBS and PMBS were similar between groups. Intervention patients spent more time with
the coach than controls. Additional details on participant characteristics are provided in
Table S3.

Fidelity & competency assessments

Across intervention and control sessions, 96% of the content elements were delivered.
Competency ratings, scored from 1 (poor) to 3 (highest quality), were high across
interventionists and stable throughout the study. Mean scores ranged from 2.49-3.00 across
each component rated.

Primary outcomes

Medication-taking adherence improved among intervention participants immediately
following the first intervention visit and remained fairly stable thereafter (Figure 3A). In
contrast, there was no change in taking adherence among control participants. During the
intervention interval, taking adherence was 100% on 78% of days for intervention
participants compared with 68% for controls. The likelihood of better taking adherence was
significantly greater among intervention participants than controls (OR, 1.66; 95%
confidence interval (Cl), 1.15-2.39; p=0.006). Timing of medication adherence also
improved immediately after the first intervention (Figure 3B). Intervention participants had
100% timing adherence on 73% of days during the intervention interval, and had
significantly greater odds of higher timing adherence scores (OR, 1.74; 95%Cl, 1.21-2.50;
p=0.003) than controls, who had 100% timing adherence on 61% of days. Results were
unchanged after supplementing electronic adherence data with patients’” adherence logs,
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after adjustment for potential confounders, and in reweighted analyses (Table 2). Table S4
shows the proportions of days for which intervention and control participants had 0% and
50% taking and timing adherence.

Secondary outcomes

There was no difference between groups in the SD of tacrolimus trough levels (Table 3).
Self-reported taking and timing adherence were high, and did not differ between groups.
There were no graft failures. Acute rejection rates were numerically lower in the
intervention than control group, but the difference was not statistically significant. There was
no difference in annualized change in eGFR over the intervention interval by group. There
were no differences in adverse event rates between intervention and control groups, except
cytomegalovirus infection, which was higher in the intervention group.

DISCUSSION

This multicenter randomized trial of a clinic-based, multi-component adherence-promoting
intervention showed significantly better adherence, as measured by electronic monitoring,
among young kidney transplant recipients assigned to intervention than control. It is not
possible to determine which components of the TAKE-IT intervention were most powerful
in promoting adherence. Prior studies, both in transplant and other chronic disease
populations, suggested that reminders, problem-solving, and action-planning may each have
benefits16:19.204142 Different patients may benefit more or less from different components
of the intervention — a reason multicomponent interventions are preferred. A systematic
review showed that feedback of adherence data may be particularly powerful?!. A shorter
trial in adult heart, liver, and lung2:34 transplant recipients of a similar multicomponent
intervention showed benefit of comparable magnitude, as did an intervention in adult kidney
recipients that included only dose reminders and feedback?C. Whether all intervention
components would have the same impact in adolescents and young adults as in older adults
is not known. As in a prior study34, we also observed improved adherence immediately
following the first intervention visit. We speculate that patients left the first intervention visit
motivated to improve, explaining the rapid effect; our intervention was designed for
sustained effect, with continuous support via dose reminders and ‘booster’ intervention
sessions every 3 months.

We found no differences between treatment groups in adherence measured by self-report or
by SD of tacrolimus levels. Self-reported adherence was very high for both groups, likely
reflecting the well-known under-reporting of missed and late doses#3-4° and the short
timeframe for reporting (1 week). Failure to detect group differences in self-reported
adherence may be due to a ceiling effect, whereby variability is not captured so differences
are not observed. The observed lack of difference in SD of tacrolimus levels between groups
has several possible explanations. First, the patients for whom =3 tacrolimus levels were
available may represent a biased sample of the most adherent patients. Second, patients may
have better adherence in the days preceding a planned blood level measurement. Third, a
high SD of tacrolimus trough levels may not always reflect erratic intake but rather
variability in drug exposure for other reasons*®. Fourth, we must consider the possibility that
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adherence did not actually differ between the groups, and that the differences observed
between groups in electronically-monitored adherence represent more assiduous use of the
pillbox by those in the intervention group. Participants may have taken meds without
opening the pillbox or may have opened the pillbox without ingesting the medication every
time. Future studies should consider including patient-reported outcomes.

The study has limitations. The longer duration of visits for intervention patients compared
with controls may have resulted in some attention bias. The patients who withdrew or ceased
to use the pillbox may introduce bias if they represented patients who were more or less
adherent than those who continued to use the pillbox. A sensitivity analyses in which the
adherence data of other participants with the same group allocation, age, sex, race, and pre-
intervention adherence profile were weighted to account for these missing values39:40
returned similar results. However, it is likely that if non-pillbox users assigned to
intervention had mostly poor adherence, whereas non-pillbox users assigned to control had
mostly good adherence, the effect of intervention would be substantially attenuated. Given
random assignment to treatment group, such a scenario is unlikely, but not impossible. The
weighted analysis described above provides the best estimate of the contributions of non-
pillbox users. In addition, the primary outcome of adherence rather than a clinical outcome
is a limitation.

Given the relatively short study duration, the expected numbers of graft failures and acute
rejections were so low, and the expected decline in eGFR so small (and variable), that it was
not feasible to power the study to assess these outcomes. Powering the study to assess de
novo donor specific antibodies (dnDSA) was also not feasible. Although an estimated 25—
36% of pediatric patients develop dnDSA*’48, as many as half of these may develop dnDSA
within the first 3-6 months post-transplant#®. Due to the relatively small number of new
transplant procedures each year in the target age group, it was necessary to enroll prevalent
patients. If development of DSA were the outcome, prevalent patients with existing DSA
would have to be excluded. Not only would this severely curtail the number of potentially
eligible patients, but may select for the most adherent patients, since development of DSA is
strongly associated with poor adherence®?:0, Furthermore, because detection of DSA may
fluctuate over time, with subsequently undetectable DSA in up to 47% who were once
positive?®, it would be difficult to accurately determine true DSA status at intervention
initiation. Therefore, it was necessary to evaluate an intermediate outcome. There is a strong
theoretical basis, as well as empirical evidence, for an association between poor adherence
and poor graft outcomes®0.

The generalizability of the study may be limited due to the relatively small proportion of
participants who were black. Another issue potentially limiting generalizability was the
unwillingness of some participants to use the electronic pillbox — which was central to the
intervention. Self-selection of patients into an adherence trial (62% consent rate) may also
limit generalizability if patients more motivated to improve their adherence participated.
Adherence is a complex issue; it is unlikely that any single intervention will be appropriate
for all patients.
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The study also has important strengths. TAKE-IT is one of the largest adherence trials ever
conducted in the kidney transplant population. Identification of an approach that is effective
in promoting adherence to chronic daily medication represents a major advance. How to
effectively integrate the TAKE-IT intervention into clinical practice is the subject of a new
study (TAKE-IT TOO; https://www.takeittoo.org). We expect that transplant nurses or other
allied health professionals could learn the action-focused problem-solving approach
relatively quickly from a clinical psychologist. The time required to deliver the intervention
may require additional resources; based on the time needed for each session during the trial,
a program following 60 adolescents would spend ~150 hours per year delivering the
intervention. Given that clinical care teams already devote some effort to promoting
adherence, extra time required may be less. The cost of electronic monitoring, with
reminders, and ability to feed-back objective adherence data to patients remains high.
However, technology advances and recognition of benefits may lead to more widespread use
resulting in lower prices, or in coverage of this technology by insurers. The TAKE-IT TOO
study aims to develop a more usable electronic monitoring system to potentially improve the
ability of care providers to efficiently assess adherence, and improve acceptance by patients.
However, not all patients will accept electronic monitoring.

The significantly better adherence observed in the intervention group may lead to better graft
outcomes. The costs associated with the TAKE-IT intervention may be offset by savings due
to lower rejection and graft failure rates, and fewer biopsies and hospitalizations®!, however
this question requires study in a formal cost-benefit analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Run-in Intervention
|
"ttt |
0 mo 3 mo 6 mo 9 mo 12 mo 15 mo
Intervention group X 4 V4 V4 ” 4 =
Pillbox monitoring | |
Reminders
Control group X v v ¥4 v ->

Pillbox monitoring |

X Enrollment visit: MAM-MM, AMBS/PMBS, pillbox teaching

v Intervention visits: Adherence education & Adherence Support Team formation (3-mo visit only), action-

focused problem-solving, feedback of prior 3 months of adherence data, pillbox support, MAM-MM

v Control visits: general social support, pillbox support, MAM-MM
=> Exit visit: MAM-MM, pillbox return, general social support, study wrap-up

Figure 1. Timeline of study procedures

The schedule of intervention and control visits is shown. The first 3 months of the study
constituted a run-in period during which no intervention was applied. Group allocation was

concealed for the first 2 months of the run-in.

MAM-MM- Medical Adherence Measure- Medication Module
AMBS- Adolescent medication barriers scale

PMBS- Parent medication barriers scale
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28 developmental delay
35 moving/transitioning to
adult care

P 3 graft failing
105 refused consent | 277 eligible | 11 not followed regularly at
center
4 sibling enrolled
10 did not speak English (or
French)
3 no connectivity

111 ineligible
| 388 screened |

51 not interested

23 time constraints/ too busy
21 didn't like the pillbox

1 privacy concerns

19 no adherence issues/ not

beneficial ) 2 liquid medications
9 no reason given ‘ 172 enrolled ‘ 15 conflicting trial
1 overwhelmed
19 >1 of the above reasons 2 withdrew for
exclusionary conditions
1 moved

1 graft failure

| 170 completed enrollment visit ‘

1 withdrew
no reason given

| 169 randomized |

5 withdrew during |

run-in I
1 lost to follow-up 81 allocated to intervention | | 88 allocated to control |
2 no reason given

1 time constraints/
too busy
1 overwhelmed

76 participated during intervention interval 88 participated during intervention interval
(64 using pillbox) (74 using pillbox)
[ 1
72 received 4 did not receive 88 received
intervention intervention control

missed study visits

7 withdrew
5 lost to follow-up

10 withdrew
3 no reason given
3 didn’t like pillbox
2 lost to follow-up

1 moving (exclusionary
condition)
—] 1 didn’t like pillbox

1 moving (exclusionary condition)
1 no time to accommodate visits

76 included in intention-to-treat analysis 88 included in intention-to-treat analysis
(64 using pillbox) (74 using pillbox)
I [
72 included in as-treated analysis 92 included in as-treated analysis
(60 using pillbox) (78 using pillbox)

Figure 2. Eligibility, randomization and follow-up
There were 64 intervention and 74 control participants who had electronic adherence data

available for analysis. Participants who declined to use the electronic pillbox were permitted
to remain in the study and followed the same study procedures as patients using the pillbox,
except that those in the intervention group could not receive dose reminders from the
pillbox, nor were they able to review their adherence data with the coach.
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Figure 3. Comparison of (A) taking and (B) timing adherence between intervention and control

groups
The proportion of

intervention (red) and control (black) participants with 100% (a) taking

and (b) timing adherence on each day of observation are shown. Intention to treat analyses
included the 64 intervention and 74 control participants with pillbox data in the intervention
interval. As treated analyses included the 60 participants assigned to intervention who
received the intervention and had pillbox data in the intervention interval, and the 78
participants who did not receive the intervention and had pillbox data in the intervention
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interval. The odds ratios represent the odds of having higher adherence in the intervention
group compared with control.

Am J Kidney Dis. Author manuscript; available in PMC 2019 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Foster et al.

Table 1

Participant characteristics, pre-intervention adherence and Coach contact time

Control Intervention
(n=88) (n=81)

Demographics
Median age in | 15.8 (13.3-17.5) | 15.5 (13.2 - 17.4)
Male (%) | 54 (61) | 46 (57)
Race

White (%) 57 (65) 57 (70)

Black (%) 11 (13) 9(11)

Asian (%) 7(8) 4 (5)

Other (%) 13 (15) 11 (14)
Hispanic (%) | 5 (6) | e
U.S. Study site (%) | 56 (64) | 54 (67)
Healthcare Insurer

U.S. Public 20 (23) 26 (32)

Private 36 (41) 28 (25)

Canadian provincial 32 (36) 27 (33)
Medication Insurer

U.S. Public 24 (27) 27 (33)

Private 54 (61) 42 (52)

Canadian provincial 10 (11) 12 (15)
Household income

Less Than $25,000 10 (11) 19 (24)

$25,000 — $50,000 20 (23) 17 (21)

$51,000 — $75,000 22 (25) 17 (2)

$76,000 — $100,000 9 (10) 6(7)

Greater Than $100,000 16 (18) 12 (15)

Prefer Not to Answer 2(2) 5 (6)

Unknown 9 (10) 5 (6)
Disease characteristics | |
Median years post-Tx | 3.0(0.8-7.2) | 3.7(0.7-7.9)
Total no. of Tx

1 81 (92) 74 (91)

2 7(8) 7(09)
Donor source

Am J Kidney Dis. Author manuscript; available in PMC 2019 July 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Foster et al.
Control Intervention
(n=188) (n=181)
Living 51 (58) 37 (46)
Deceased 37 (42) 44 (54)

Median total lifetime duration of dialysis, mo

50(0-120) | 100(00.1-190)

Median age at Tx in years

12.0 (8.3-15.2) | 115 (6.8 - 14.8)

Primary disease
CAKU (%) 41 (47) 29 (36)
Glomerulonepbhritis (%) 5 (6) 9 (11)
FSGS (%) 6(7) 14 (17)
Other (%) 36 (41) 29 (36)
Number of past acute rejections
0 (%) 76 (86) 59 (73)
1 (%) 8(9) 16 (20)
>2 (%) 4(5) 6 (7(
Comorbidities
None 43 (49) 41 (51)
17 45 (51) 40 (49)

Median eGFR at baseline (ml/min/1.73m?; IQR) |

70.2 (56.0 — 85.9) | 69.4 (56.8 — 82.5)

Treatment characteristics: |

No. of doses of immunosuppressives per day (%)

1 6(7) 6(7)

2 82 (93) 75 (93)
Median total number of medications (IQR) | 7.0 (5.0-9.0) | 7.0(5.0-9.0)
Pre-intervention adherence and barriers | |
Run-in electronic adherence data

Days with 100% taking adherence? 5% 73%

Days with 100% timing adherence € 67% 65%
SD of Tac levels in the 6 mo before intervention

Once per day formulation ™ 1004 11+05

Twice per day formulation ™™ 2017 22+19
Self-reported adherence (MAM; enrollment)

Taking adherence 97.6+7.1 98.8+3.6

Timing adherence 929+151 943+12.2

AMBs’
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Proportion of days with no adherence score

4.6% (0.0% —

3.7% (0% —

Foster et al.
Control Intervention
(n=188) (n=181)

Total score 38.1+9.8 375+11.2
Disease frustration/ adolescent issues subscale 19.5+6.0 18.4+6.6
Ingestions issues subscale 10.3+3.3 10.3+3.5
Regimen tasks/ cognitive subscale 83+28 8.7+33
Number of barriers reported 32+25 3427
Proportion with >3 barriers (%) 46 (52) 43 (53)

PMBS ¥
Total score 375+10.3 34.0+9.7
Disease frustration/ adolescent issues subscale 16.5+5.3 144+49
Ingestions issues subscale 6.3+2.4 57+24
Regimen tasks/ cognitive subscale 12.0+4.6 109+4.2
Parent reminder subscale 27+14 3015
Number of barriers reported 38+29 31+24
Proportion with =3 barriers (%) 46 (58) 37 (51)

Time in study and coach contact time | |

Run-in interval | |
Median patient-months | 3.1(2.8-35) | 3.2(29-3.6)

22.7%)

14.1%)

Median time spent with coach at enrolment
visit (min)

45.0 (40.0 - 60.0)

45.0 (40.0 - 60.0)

Intervention interval |

Median patient-months

| 12.4 (11.4 - 13.0) | 12.2 (11.3 - 13.3)

Proportion of days with no adherence score

4.5% (1.1% —
10.7%)

5.50 (2.3% -
15.0%)

Proportion of days on Medminder |

19.8%

| 32.6%

Median time spent with coach (min)
15t Intervention visit (at 3 mo)
6-mo visit
9-mo visit
12-mo visit

15-mo visit

26.5 (22.0 - 33.5)
25.0 (20.0 - 30.0)
23.5 (20.0 - 30.0)
21.6 (20.0 - 27.0)
30.0 (25.0 - 40.0)

80.0 (62.5 - 96.0)
40.0 (35.0 - 55.0)
35.0 (30.0 — 44.6)
31.5 (27.0 - 40.0)
35.0 (30.0 - 45.0)

Proportion of visits at which a caregiver was

present

100% (68% —
100%)

100% (60% —
100%)

Page 20

SD, standard deviation; AMBS, adolescent-reported adherence barriers score; PMBS, parent-reported adherence barriers; Tac, tacrolimus; Tx,

transplantation

Except as indicated, categorical data presented as count (percentage), continuous data as median [interquartile range] or mean +/- SD.
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*
9 control and 6 intervention patients with =3 trough levels available to calculate SD
Ak

55 control and 47 intervention patients with =3 trough levels available to calculate SD

TA higher AMBS score represents a greater burden of barriers. The possible range for total score is 17-85; subscale scores range from 7-35 for
Disease frustration/adolescent issues, 6-30 for Ingestion issues, and 4-20 for Regimen adaptation/ Cognitive.

+ . . . .
A higher PMBS score represents a greater burden of barriers. The possible range for total score is 16-80; subscale scores range from 7-35 for
Disease frustration/adolescent issues, 3-15 for Ingestion issues, 5-25 for Regimen adaptation/ Cognitive, and 1-5 for Parent reminder.

a .
all prescribed doses taken
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Table 2
Sensitivity analyses

| OR (95% CI), Intervention vs. control

| INTENTION TO TREAT AS TREATED
Electronic adherence data, adjusted *
Taking 2.06 (1.07, 3.95) 2.13(1.10, 4.10)
Timing 2.39 (1.31, 4.35) 2.47 (1.35, 4.51)
Electronic adherence data supplemented with logs, unadjusted
Taking 1.71 (1.16, 2.50) 1.75 (1.20, 2.57)
Timing 1.81 (1.24, 2.64) 1.86 (1.27, 2.71)
Electronic adherence data supplemented with logs, adjusted
Taking 1.95 (1.01, 3.80) 2.02 (1.03, 3.96)
Timing 2.18 (1.19, 4.00) 2.25 (1.23, 4.15)

Reweighted to include those who withdrew or stopped using pillbox during run-in >

Taking 1.63 (1.13, 2.36) 1.67 (1.15, 2.42)
Timing 1.70 (1.18, 2.46) 1.74 (1.20, 2.52)

OR, odds ratio; Cl, confidence interval

Page 22

Intention to treat analyses included the 64 intervention and 74 control participants with pillbox data in the intervention interval. As treated analyses
included the 60 participants assigned to intervention who received the intervention and had pillbox data in the intervention interval, and the 78
participants who did not receive the intervention and had pillbox data in the intervention interval. The ORs represent the odds of having higher

adherence in the intervention group compared with control.

*
Adjusted analysis compared intervention with control, adjusting for medication insurer, ethnicity, self-reported taking adherence pre-intervention,

total score of the parent version of the medication barriers scale, primary disease, number of prior rejections, number of doses of
immunosuppressive medications per day, donor source, and pillbox type (Simplemed vs. Medminder).

Hok

Reweighted analyses used the age, sex, race, and pre-intervention self-reported adherence profiles of those who were randomized but contributed
no electronic adherence data in the intervention interval to weight the contributions of others with the same profiles in the same treatment group to

effectively include the contributions of these missing individuals in the analyses.
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Secondary outcomes and Adverse events

Table 3

Control

Intervention | p-value

Secondary adherence outcomes

SD of Tac (2x/d formulation) trough levels during intervention interval | 14(09t02.1) | 16(091t02.5) | 05
SD of Tac (1x/d formulation) trough levels during intervention interval 17 | 12(08t01.4) | 12(09t02.1) | 08
Mean self-reported adherence during intervention interval

Taking adherence 97.1+6.0 98.3+45 0.2

Timing adherence 929+93 95079 0.2
Graft outcomes
Graft failure rate | 0 | 0 | -
Acute rejection rate (events /100 patient-months) | 1.69 | 1.06 | 0.3
Annualized change in eéGFR * (ml/min/1.73m2) | -83(-7.7t037) | -23(-1061023) | 0.5
Adverse events (events per 100 patient-months)
All adverse events | 12.7 | 12.9 | 0.9
Post-Tx lymphoproliferative disorder | 0.20 | 0.0 | 0.3
Epstein-Barr virus infection | 0.0 | 0.0 | -
Cytomegalovirus infection | 0.0 | 0.59 | 0.02
BK virus nephropathy | 0.0 | 0.0 | -
Influenza | 0.50 | 0.35 | 0.7
Other infection | 3.09 | 2.36 | 0.4
Vomiting/diarrhea | 0.30 | 0.59 | 0.4
Surgery/ procedure | 0.60 | 0.83 | 0.6
Other ™* | 259 | 319 | 05
Hospitalizations | 5.38 | 4.96 | 0.7

Page 23

Unless otherwise indicated, values shown are median [interquartile range] or mean +/- SD. T, transplantation; Tac, tacrolimus; SD, standard

deviation; eGFR, estimated glomerular filtration rate

f63 control and 58 intervention patients with =3 trough levels available to calculate SD

ﬁlo control and 9 intervention patients with =3 trough levels available to calculate SD

*
Annualized change in eGFR was calculated as eGFR at study exit minus eGFR at start of the intervention interval, normalized to a 1-year period.

A negative value indicates a decline in eGFR and a positive value indicates an increase in eGFR.
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Other adverse events included: headache, abdominal pain, alopecia, fracture, dehydration, urinary obstruction, fever, constipation, asthma, minor
pains, anemia, seizures, diabetes, mood disorder, accidental medication overdose, arrhythmia, hypertension, renal contusion, pneumonitis,
neutropenia, and hemoptysis. No adverse event was judged to be related to the intervention.
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