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Purpose. Nonadherence is a leading cause of death-censored allo-
graft loss in kidney transplant recipients. Strong associations have tied 
tacrolimus intrapatient variability (IPV) to degree of nonadherence and high 
tacrolimus IPV to clinical endpoints such as rejection and allograft loss. 
Nonadherence is a dynamic, complex problem best targeted by multidi-
mensional interventions, including mobile health (mHealth) technologies.

Methods. This was a secondary planned analysis of a 12-month, parallel, 
2-arm, semiblind, 1:1 randomized controlled trial involving 136 adult kid-
ney transplant recipients. The primary aims of the TRANSAFE Rx study 
were to assess the efficacy of a pharmacist-led, mHealth-based interven-
tion in improving medication safety and health outcomes for kidney trans-
plant recipients as compared to usual care.

Results. Patients were randomized equally to 68 patients per arm. The 
intervention arm demonstrated a statistically significant decrease in 
tacrolimus IPV over time as compared to the control arm (P  =  0.0133). 
When analyzing a clinical goal of tacrolimus IPV of less than 30%, the 2 
groups were comparable at baseline (P = 0.765), but significantly more pa-
tients in the intervention group met this criterion at month 12 (P = 0.033). In 
multivariable modeling, variables that independently impacted tacrolimus 
IPV included time, treatment effect, age, and warm ischemic time.

Conclusion. This secondary planned analysis of an mHealth-based, 
pharmacist-led intervention demonstrated an association between the ac-
tive intervention in the trial and improved tacrolimus IPV. Further prospect-
ive studies are required to confirm the mutability of tacrolimus IPV and 
impact of reducing tacrolimus IPV on long-term clinical outcomes.

Keywords: adherence, kidney transplant, mHealth, tacrolimus, telemedicine

Am J Health-Syst Pharm. 2021;78:1287-1293

In the most recent Scientific Registry of 
Transplant Recipients (SRTR) report, 

90% of patients with new kidney trans-
plants received an immunosuppressant 
regimen based on the calcineurin in-
hibitor tacrolimus.1 Having tacrolimus 
as the primary maintenance immuno-
suppressant has vastly reduced rejection 
rates over the past 2 decades.2 However, 
tacrolimus does not come without limi-
tations, including posttransplant dia-
betes mellitus (PTDM), nephrotoxicity, 
patient intolerabilities, adverse drug 

reactions, and a need for strict adher-
ence to the regimen. Additionally, some 
clinicians question the amount of time 
and effort required to maintain patients 
within a narrow goal therapeutic range 
when there has been little evidence to 
correlate whole blood tacrolimus trough 
concentration (C

min
) ranges of tacrolimus 

and efficacy.3,4 While whole blood 
tacrolimus C

min
 values have been poorly 

associated with long-term area under 
the curve (AUC) and efficacy, associ-
ations between increased intrapatient 

Impact of a pharmacist-led, mHealth-based intervention 
on tacrolimus trough variability in kidney transplant 
recipients: A report from the TRANSAFE Rx randomized 
controlled trial
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variability (IPV) and rejection or graft 
loss have been increasingly demon-
strated.3-6 Populations of highly adherent 
kidney transplant recipients have been 
demonstrated to have IPVs as narrow 
as 15%; however, IPVs of 30% or greater 
have been associated with inferior graft 
outcomes, likely indicating patients with 
clinical nonadherence.6,7

Nonadherence, which is a causative 
factor in at least 47% of allograft losses 
by rejection, has proven to be a difficult 
foe due to its myriad causes, including 
socioeconomic factors, healthcare or-
ganization barriers, disease chron-
icity–related factors, therapy-related 
factors (adverse events and medica-
tion errors), and patient-related fac-
tors (healthcare beliefs, work schedule, 
etc).8,9 It is apparent that generalized 
interventions are less effective than 
personalized interventions and that 
unidimensional interventions are less 
effective than multidimensional inter-
ventions.8 In the digital age, multidi-
mensional interventions to combat 
nonadherence increasingly rely on 
mobile technology, especially because 
of the ability to monitor chronic dis-
ease management, adverse reactions 
and drug toxicities, and medication 
adherence via electronic medication 
dispensers or self-report and to person-
alize communication with providers, all 
through a single medium.10-14 Reese and 
colleagues10 demonstrated significant 
improvement in medication adherence 
as the multimodality of the interven-
tion increased. However, the method of 
adherence capture (electronic pill bot-
tles) does not translate well into clin-
ical care as a monitoring modality, and 
they did not assess the comparability 
of electronic monitoring to any widely 
used community-monitoring method-
ology. McGillicuddy and colleagues15 
performed an exploratory secondary 
planned analysis of a randomized con-
trolled trial (RCT) involving a com-
prehensive mobile health (mHealth) 
intervention targeted to improve adher-
ence in a demonstrably nonadherent 
population to evaluate its impact on 
tacrolimus IPV. They found that, despite 
similar baseline IPV, patients in their 

intervention saw significant improve-
ment in their 12-month IPVs and that a 
significantly larger proportion of inter-
vention vs control patients achieved an 
IPV less than 40%.

We conducted a prospective, 
RCT that tested an mHealth-based, 
pharmacist-led telehealth intervention 
(TRANSAFE Rx study) with the primary 
objective of improving medication 
safety. Within the study, we planned a 
secondary analysis to identify the im-
pact of the intervention on tacrolimus 
IPV as compared to the control group. 
We theorized that better control of 
medication errors and adverse events 
would improve patient nonadherence. 
Here we report the results of the sec-
ondary analysis.

Materials and methods

Study design. TRANSAFE Rx was 
a 12-month, parallel, 2-arm, semiblind, 
1:1 RCT involving 136 adult kidney 
transplant recipients. Details on the 
study rationale and design have previ-
ously been published (ClinicalTrials.
gov identifier, NCT03247322).16

Study population.  Adult kidney 
recipients between 6 and 36  months 
after transplantation were eligible for 

the study. Patients were excluded if 
they were multiorgan recipients; in-
capable of measuring their own blood 
pressure and blood glucose (if applic-
able); incapable of self-administering 
medications; incapable of speaking, 
hearing, and reading English; or incap-
able of utilizing the mHealth app fol-
lowing sufficient training.

Study objectives.  The primary 
aims of the TRANSAFE Rx study were 
to assess the efficacy of a pharmacist-
led, mHealth-based intervention on 
improving medication safety and health 
outcomes in kidney transplant recipi-
ents as compared to usual care. The 
primary outcome of the TRANSAFE Rx 
study was the incidence and severity of 
medication errors and adverse events, 
as compared between the intervention 
and control arms. Here we report a sec-
ondary planned analysis of the impact 
of the intervention on tacrolimus IPV as 
compared to usual care.

Study intervention.  Patients ran-
domized to the intervention arm were 
provided the same usual care as the 
control cohort. In addition, this group 
received clinical pharmacist–led sup-
plemental medication therapy moni-
toring and management, utilizing a 
smartphone-enabled mHealth app, in-
tegrated with risk-driven televisits and 
home-based blood pressure and blood 
glucose monitoring (when applicable). 
The mHealth app, developed by our 
group, provided patients with an ac-
curate list of their medication regimen 
that was automatically updated from 
the electronic medical record (EMR), 
timely medication reminders, auto-
mated messages triggered by missed 
doses or scheduled health monitoring, 
personalized value-based messages 
to encourage continued involvement, 
and blood pressure and blood glucose 
trends (when applicable). Monthly 
and patient-initiated surveys regarding 
the frequency and severity of common 
side effects were delivered through 
the app. The intervention included 
dedicated clinical transplant pharma-
cist telemonitoring of medications, 
tacrolimus IPV, reported adverse ef-
fects, medical appointment adherence, 

KEY POINTS
 • A multimodal mobile health 

system targeting medication 
safety can improve medication 
nonadherence.

 • Our study represents only the 
second interventional study 
to demonstrate an impact on 
tacrolimus intrapatient vari-
ability, a surrogate endpoint 
for nonadherence.

 • Tacrolimus intrapatient variabil-
ity has been highly associated 
with acute rejection and allo-
graft loss, indicating that it is 
a surrogate endpoint worthy 
of consideration in future pro-
spective studies.
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and weekly blood pressure and glu-
cose readings (if applicable). The clin-
ical transplant pharmacist was notified 
of any medication changes (from the 
transplant team or outside providers) 
and transitions of care (hospitalization 
or emergency room visits at any hos-
pital) by patient self-report or via new 
medications reported in the EMR and 
was automatically notified of critical 
blood pressure or blood glucose values. 
The pharmacist responded to alerts 
through communication with the pa-
tient and care team. Televisits enabled 
the pharmacist to conduct medica-
tion reviews to identify any medication 
safety issues, ensure accurate medica-
tions through transitions of care, screen 
for drug interactions, and provide re-
commendations to the patient. One 
dedicated clinical transplant pharma-
cist provided all care to the intervention 
arm. Full details regarding the develop-
ment and validation of the mHealth 
app and dashboard are published 
elsewhere.16

Statistical analysis.  The ana-
lysis utilized the intent-to-treat meth-
odology. Data are reported using 
percentages for nominal and ordinal 
variables and were compared using 
Fisher’s exact test or Pearson’s χ 2 test 
as appropriate. For continuous vari-
ables with a normal distribution, re-
sults are reported as mean and SD with 
statistical comparison performed using 
Student’s t test for 2 independent sam-
ples. For non–normally distributed 
variables, results are reported as me-
dian and interquartile range, with stat-
istical comparison conducted using the 
Mann-Whitney U test. Tacrolimus IPV 
as measured through the coefficient of 
variation (CV) ([mean/SD] ⋅ 100)  was 
assessed at monthly intervals for each 
patient (12-month rolling average), 
starting at the time of randomization 
and continuing for 12  months. Rolling 
averages were calculated and estimated 
on a monthly interval. Each month, 1 
additional month of tacrolimus levels 
was added to the CV calculation and 
the levels from the previous month 
were removed. We used a general-
ized linear mixed model (GLMM) with 

Gaussian distribution to account for 
correlation of repeated measures and 
the nonindependence of measures over 
the course of time, with coefficients es-
timated using generalized estimating 
equations (GEE). A  2-sided P value of 
<0.05 was considered statistically sig-
nificant. All data were analyzed using 
SAS 9.4 (SAS Institute, Cary, NC).

Study variables.  Variables in-
cluded within the GLMM included 
time (months post randomization), the 
treatment effect per month post ran-
domization, age (years), female gender, 
African American race, years on dia-
lysis before transplantation, calculated 
panel reactive antibody (a measure of 
the degree of sensitization to human 
antibodies), human leukocyte antigen 
(HLA) mismatches, cold ischemic 
time (the time the organ spent in cold 
storage between procurement from 
the donor and being taken out to be 
transplanted in the recipient), warm is-
chemic time (the time the organ spent 
at normal temperatures during the 
act of sewing it into the recipient and 
reperfusing it with blood), rabbit anti-
thymocyte globulin (rATG) induction, 
delayed graft function (need for dia-
lysis within a week of transplantation), 
donor seropositivity and recipient sero-
negativity for cytomegalovirus (CMV), 
donation after cardiac death, kidney 
donor risk index (estimation of the risk 
of graft failure due to donor factors), 
and history of diabetes.

Results

Of the 774 patients undergoing 
kidney transplantation assessed for 
eligibility between October 2017 and 
January 2019, 273 were approached 
and 136 agreed to participate, provided 
informed consent, and were random-
ized evenly to the intervention and 
control cohorts (Figure 1). Two patients 
withdrew from the study intervention 
arm before completing the study, for a 
98.5% retention rate; both patients are 
included in this intent-to-treat analysis. 
For the entire cohort, the mean age was 
50.7 years, 56.6% of patients were male, 
and 64.0% of patients were black. The 
primary etiologies of end-stage renal 

disease were diabetes and hyperten-
sion, followed by polycystic kidney dis-
ease and lupus. When comparing the 
treatment arms, baseline characteris-
tics were similar (Table 1). There were 
more patients in the control group with 
a history of diabetes, along with a larger 
proportion of kidneys transplanted 
after cardiac death of the donor, while 
there were more patients in the inter-
vention group who experienced de-
layed graft function (Table 1).

The mean tacrolimus IPV for each 
treatment arm was assessed on a 
monthly interval using a 12-month 
rolling period, and the change in slope 
was compared between the groups. 
As displayed in Figure 2, the interven-
tion arm demonstrated a statistically 
significant decrease in tacrolimus IPV 
over time as compared to the con-
trol arm (P  =  0.0133). When assessed 
by cutpoint, a higher proportion of 
patients in the control group had a 
tacrolimus IPV below 40% at baseline 
(P  =  0.017), while the 2 groups were 
comparable at 12  months (P  =  0.224). 
When analyzing a tighter goal of <30%, 
the 2 groups were comparable at base-
line (P = 0.765), but significantly more 
patients in the intervention group met 
this criterion at month 12 as com-
pared to the control group (P  =  0.033;  
Figure 3). In multivariable modeling, 
variables that independently impacted 
tacrolimus IPV included time post ran-
domization (–0.25; 95% confidence 
interval [CI], –0.38 to –0.11; P = 0.0003), 
treatment effect (–0.25 [95% CI, –0.44 to 
–0.05], P = 0.0133), age (–0.24 [95% CI, 
–0.39 to –0.08], P  =  0.0026), and warm 
ischemic time (0.11 [95% CI, 0.06 to 
0.30], P = 0.0416).

The vast majority of patients in the 
intervention arm completed a poststudy 
satisfaction survey (62 [91%]) that in-
cluded a multiple-choice question with 
5 answers (2 answers demonstrating 
dissatisfaction or worsening, 1 an-
swer indicating a neutral opinion or no 
change, and 2 answers demonstrating 
satisfaction or improvement). In terms 
of the app itself, 93% of respondents in-
dicated that they were either satisfied 
(n = 15 [24%]) or very satisfied (n = 43 
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[69%]) with the ease of use of the app. 
There were also favorable responses to 
questions on how well the interven-
tion worked with the patient’s personal 
health situation (n  =  19 [31%]“satis-
fied”; n  =  39 [63%] “very satisfied”) 
and the impact the intervention had 
on communication with the patient’s 
medical providers (n  =  17 [27%] “no 
change”; n  =  22 [36%] “better”; n  =  23 
[37%] “very much better”), the patient’s 
perceived involvement in medical deci-
sions (n = 18 [29%] “no change”; n = 18 
[29%] “better”; n = 26 [42%] “very much 
better”), and the patient remembering 
to take medications (n = 2 [3%] “worse”; 
n = 13 [21%] “no change”; n = 19 [31%] 
“better”; n  =  28 [45%] “very much 
better”).

Discussion

This secondary planned analysis 
of an mHealth-based, pharmacist-led 
intervention demonstrated an associ-
ation between the active intervention in 
the trial and improving tacrolimus IPV.

We showed a strong association be-
tween the intervention and the change 
in slope in tacrolimus IPV over time 
as well as an increased proportion of 
patients falling within a clinical goal 
for IPV of <30%. The treatment effect 
was demonstrated to be independ-
ently associated with tacrolimus IPV in 
multivariable modeling, along with al-
ready known impactful variables such 
as time from transplantation and age. 
Tacrolimus IPV becomes less variable 
over time with fewer medication ad-
justments typically occurring, while 
patients also demonstrate better medi-
cation adherence as they advance far-
ther away from the age range of 18 to 
25  years. Warm ischemic time was 
also identified as independently asso-
ciated with IPV, but we have a harder 
time theorizing the reason for this. 
While various methods of measuring 
tacrolimus IPV have been utilized in 
research studies, higher tacrolimus 
IPV has consistently been associated 
with increased rates of rejection and 

allograft loss.6 Although these data are 
well recognized, the ability for inter-
ventions to impact tacrolimus IPV is 
less prevalent. With the commonly held 
belief that tacrolimus IPV is strongly as-
sociated with medication adherence, 
researchers have sought to improve 
tacrolimus IPV by switching patients 
from twice-daily tacrolimus to once-
daily extended-release tacrolimus, a 
well-known strategy for improving ad-
herence to a number of medications.17 
This strategy has met with varied 
success, with Wu and colleagues18 
demonstrating improved achievement 
of a clinical goal tacrolimus IPV after 
conversion to a once-daily formulation 
(3.1% vs 17.4%, P < 0.01), whereas Stifft 
and colleagues19 did not see a clinic-
ally significant change in tacrolimus 
IPV after conversion to a once-daily 
formulation.

In an RCT of a technological 
intervention with a primary aim of 
improving adherence in a nonadherent 
population of individuals receiving 

Figure 1. Randomization and patient flow in the TRANSAFE Rx study.

774 Adult kidney transplant 
recipients assessed for eligibility 

638 Excluded  
501 Met ≥1 exclusion criteria
137 Declined to participate 

68 Included in the primary analysis

66 Completed the Study
2 Discontinued intervention 

1 Due to patient preference
1 Due to patient relocation 

68 Randomized to intervention cohort

68 Completed the Study

68 Randomized to control cohort

68 included in the primary analysis

136 Randomized
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kidney transplants, McGillicuddy and 
colleagues15 were able to demonstrate 
a significant reduction in 12-month 
IPV (estimated difference between the 
arms of 0.48% per month, 5.8% greater 
reduction over the 12-month follow-up 
period, P  =  0.046) and improvement 

in the proportion of patients achieving 
a clinical goal of a tacrolimus IPV of 
<40% (80% vs 70%, P  =  0.001) in the 
intervention arm as compared to the 
control arm. We believe this is the only 
other interventional clinical trial to 
demonstrate the ability to significantly 

improve tacrolimus IPV. In this previous 
trial, the multidimensional interven-
tion included an electronic medica-
tion tray with reminder capabilities, 
a Bluetooth-enabled blood pressure 
monitor, and a smartphone app. While 
the aim of our study was not specific-
ally to improve adherence, tacrolimus 
IPV and medical clinic visit adherence 
were part of the assessment, in addition 
to other factors that impact adherence, 
such as side effects and transitions of 
care. Our intervention was similar to 
that of McGillicuddy and colleagues in 
terms of it being a multidimensional 
mHealth system; however, we did not 
specifically target nonadherent pa-
tients. Our mHealth system was also 
developed with the goal of fitting seam-
lessly into any patient’s lifestyle and 
therefore relied on patient-reported 
adherence instead of an electronic 
medication tray, which is burdensome 
and difficult to accommodate for pa-
tients who work and/or travel. We be-
lieve the excellent response rate for 
the end-of-study survey and favorable 
responses to questions on ease of use 
and perceived utility are representative 
of our attempts to fit the app seamlessly 
into patient lifestyle and improve the 
patient-provider relationship.

Our study and this analysis had sev-
eral limitations. We did not use an at-
tention control in the control arm to 
minimize the risk of bias from increased 
attention and its impact on adher-
ence or other factors that might impact 
tacrolimus IPV, such as quicker and 
easier access to a healthcare profes-
sional in situations where patients might 
have lost access to their medications. 
Because of this, it is impossible to deter-
mine whether singular components of 
the intervention or the intervention as 
a whole impacted tacrolimus IPV. It is 
worth noting, however, that the purpose 
of the mHealth intervention and pharma-
cist focused on the care of these patients 
was to increase attention to patients, 
identify medication-related problems 
before they resulted in clinical sequelae, 
and improve communication between 
healthcare providers and reduce errors 
during transitions of care. Our study also 

Table 1. Baseline Characteristics

Characteristic
Control  
(n = 68)a

Intervention  
(n = 68)a

Age, mean (SD), years 51.2 (13.7) 50.2 (12.3)

Male 42 (61.8) 35 (51.5)

Female 26 (38.2) 33 (48.5)

White 19 (27.9) 27 (39.7)

Black 47 (69.1) 40 (58.8)

Hispanic 2 (2.9) 1 (1.5)

History of diabetes 35 (51.5) 19 (27.9)

History of hypertension 61 (91.0) 63 (92.6)

cPRA at transplant, mean (SD) 49.7 (41.0) 50.0 (38.6)

HLA mismatch, median (IQR) 4 (4–5) 5 (3–5)

Cold ischemic time, mean (SD), hours 17.5 (8.0) 16.4 (8.0)

Warm ischemic time, mean (SD), minutes 38.0 (15.8) 38.1 (11.9)

Basiliximab induction 26 (38.2) 25 (36.8)

Thymoglobulin induction 42 (61.8) 43 (63.2)

Delayed graft function 8 (12.7) 18 (26.5)

Time post transplantation, mean (SD), years 1.2 (0.8) 1.2 (0.7)

CMV serostatus (donor/recipient)   

 Neg/Neg 7 (10.3) 5 (7.4)

 Neg/Pos 22 (32.4) 13 (19.1)

 Pos/Pos 30 (44.1) 29 (42.6)

 Pos/Neg 8 (11.8) 18 (26.5)

 Unknown 1 (1.5) 3 (4.4)

Donor age, mean (SD), years 37.3 (14.5) 32.9 (11.9)

Donor gender   

 Male 47 (69.1) 41 (60.3)

 Female 20 (29.4) 27 (39.7)

 Missing 1 (1.5) 0 (0.0)

Living donor 7 (10.3) 6 (8.8)

DCD donor 11 (18.3) 5 (8.2)

KDRI in deceased donor, mean (SD), % 46.2 (24.8) 37.1 (23.4)

Abbreviations: CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; DCD, 
donation after cardiac death; HLA, human leukocyte antigen; IQR, interquartile range. KDRI, 
Kidney Donor Risk Index; Neg, negative; Pos, positive.
aAll data are number (percentage) of patients unless indicated otherwise.
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included patients who were more than 
6  months from transplantation and so 
cannot represent accurately what im-
pact our intervention would have, if any, 
on tacrolimus IPV in patients within the 
early timeframe. Within 6  months of 
transplantation, however, patients re-
ceive significantly more attention from 
healthcare providers, which gradually re-
duces over time and is likely a key factor 
impacting increasing nonadherence 

rates with increasing time post trans-
plantation. The time window we studied 
is also more suited to identifying pa-
tients with high tacrolimus IPV due to 
nonadherence, because patients are less 
likely to have other causative factors such 
as frequent dose changes, interacting 
medications, and hospitalizations. 
Additionally, our study did not specific-
ally target tacrolimus IPV as a primary 
endpoint, and therefore any associations 

seen in this secondary planned analysis 
are hypothesis generating and cannot 
be taken as proof that the intervention 
can improve tacrolimus IPV in a prag-
matic cohort. We also do not present 
long-term outcomes to demonstrate 
that an improvement in tacrolimus IPV 
results in reduced rates of deleterious 
clinical endpoints. There is sufficient 
evidence, however, that high tacrolimus 
IPV, as an indicator of nonadherence, is 

Figure 3. Proportion of patients achieving tacrolimus intrapatient variability of <30% and <40% at baseline and at end of 
study, comparing the control and treatment arms. The blue bars for each category represent the control group, while the 
orange bars represent the intervention group. Tac IPV indicates tacrolimus intrapatient variability.

Figure 2. Mean tacrolimus intrapatient variability from baseline to 12 months post randomization, comparing the treat-
ment and control arms. Tac IPV indicates tacrolimus intrapatient variability; CV, coefficient of variation.
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highly associated with acute rejection 
and increased risk of allograft loss. Thus, 
tacrolimus IPV is a surrogate endpoint 
worthy of future study.

Conclusion

In conclusion, we present the im-
pact of an mHealth-based, pharmacist-
led intervention on tacrolimus IPV and 
demonstrate a strong independent as-
sociation between the intervention and 
improved tacrolimus IPV. We believe we 
are only the second group to see such 
an effect based on an interventional 
study. Because of the consistent asso-
ciation between high tacrolimus IPV 
and deleterious allograft outcomes, our 
results indicate that the use of multi-
dimensional technologies may lead to 
improved clinical outcomes. Further 
prospective studies are required to con-
firm the mutability of tacrolimus IPV 
and impact of reducing tacrolimus IPV 
on long-term clinical outcomes.
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