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Introduction

Medication safety issues are a predominant driver of poor 
long-term health outcomes, particularly within the high-risk 
kidney transplant (KTX) population. The era of modern 
immunosuppression has produced significant advancements 
in short-term graft outcomes, but these improvements have 
been slow to translate to long-term survival. Although con-
temporary immunosuppressive therapies are highly effective 
at preventing rejection, the increasing complexity and con-
siderable toxicity burden of these regimens makes patients 
vulnerable to medication safety issues.1 Medication safety 
issues, encompassing adverse drug events, medication errors, 
and medication nonadherence, are among the chief contribu-
tors to graft loss.2-4 Assessing patient risk of developing 

medication safety issues that could lead to hospitalizations, 
increased health care costs, and potentially graft loss may be 
a useful tool for transplant teams. Early identification and 
mitigation of medication safety issues may be key to prevent-
ing downstream consequences.

Clinical pharmacists are uniquely positioned to recog-
nize and attenuate medication safety issues. In the kidney 
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Abstract
Background: Medication safety issues have detrimental implications on long-term outcomes in the high-risk kidney 
transplant (KTX) population. Medication errors, adverse drug events, and medication nonadherence are important and 
modifiable mechanisms of graft loss. Objective: To describe the frequency and types of interventions made during a 
pharmacist-led, mobile health–based intervention in KTX recipients and the impact on patient risk levels. Methods: 
This was a secondary analysis of data collected during a 12-month, parallel-arm, 1:1 randomized clinical controlled trial 
including 136 KTX recipients. Participants were randomized to receive either usual care or supplemental, pharmacist-
driven medication therapy monitoring and management using a smartphone-enabled app integrated with telemonitoring of 
blood pressure and glucose (when applicable) and risk-based televisits. The primary outcome was pharmacist intervention 
type. Secondary outcomes included frequency of interventions and changes in risk levels. Results: A total of 68 patients 
were randomized to the intervention and included in this analysis. The mean age at baseline was 50.2 years; 51.5% of 
participants were male, and 58.8% were black. Primary pharmacist intervention types were medication reconciliation 
and patient education, followed by medication changes. Medication reconciliation remained high throughout the study 
period, whereas education and medication changes trended downward. From baseline to month 12, we observed an 
approximately 15% decrease in high-risk patients and a corresponding 15% increase in medium- or low-risk patients. 
Conclusion and Relevance: A pharmacist-led mHealth intervention may enhance opportunities for pharmacological and 
nonpharmacological interventions and mitigate risk levels in KTX recipients.
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transplant population, research demonstrates that the inte-
gration of clinical pharmacists into the multidisciplinary 
transplant care team can lead to improvements in medica-
tion reconciliation and patient adherence.5-8 As the role of 
the clinical pharmacist in transplant continues to evolve, 
they will likely play a key role in the search for new 
approaches to reducing medication safety issues.

In this secondary analysis of data generated during the 
TRANSAFE Rx study, a prospective randomized clinical 
trial investigating the impact of a pharmacist-led, mHealth-
based intervention, we summarize clinical pharmacist inter-
vention types and trends as well as changes in patient risk 
level over time.

Methods

Study Design

We conducted a secondary analysis of data generated dur-
ing a 12-month, parallel arm, 1:1 randomized controlled 
clinical trial including 136 adult kidney transplant recipi-
ents (68 in each arm; NCT03247322). Full details regarding 
the study rationale and design have been published else-
where.9 The primary aim was to summarize the types of 
interventions made by the clinical pharmacist in the treat-
ment arm. We also sought to examine trends in these inter-
ventions over time and describe the impact on patient risk 
level. This work was conducted in compliance with the 
institutional review board requirements.

Intervention

All patients received usual posttransplant care, including 
routine clinic visits and laboratory monitoring. As part of 
usual care, pharmacists follow kidney patients while in the 
hospital and during clinic visits during the first 6 months 
posttransplant. Beyond this early posttransplant period, 
pharmacists only see patients at the request of the provider, 
typically concerning medication-related issues. No inter-
vention data were collected on study participants in the con-
trol cohort. In addition to usual care, patients randomized to 
intervention received supplemental clinical pharmacist–led 
medication therapy monitoring and management via an 
mHealth-based smartphone app, coupled with risk-based 
televisits and at-home blood glucose and blood pressure 
monitoring. The app alerted the clinical pharmacist to sig-
nificant self-reported medication nonadherence, concerning 
trends in or singularly concerning blood pressure/glucose 
values, and patient-reported medication changes made by 
outside providers and empowered the pharmacist to be 
engaged in transitions of care. The pharmacist responded to 
alerts by identifying medication issues and collaborating 
with providers to develop and integrate management plans.

Outcomes

The primary outcome of this analysis was pharmacist inter-
vention types. The clinical pharmacist recorded both non-
pharmacological and pharmacological interventions weekly. 
For the purpose of this analysis, intervention types were 
assessed by month based on pharmacist notes and further 
categorized as patient education, medication changes, medi-
cation reconciliation, prescription refills, facilitated medica-
tion access, and study technology–related issues. Weekly 
risk assessments were used to determine risk-based televis-
its. Patients were identified as high risk if they met 2 or more 
of the following high-risk criteria: <80% adherence to med-
ications and/or missed clinic visits, blood pressure outside of 
20% of goal, <80% of blood sugars within goal range, or 
moderate to severe adverse effects. Patients meeting 1 of the 
high-risk criteria were deemed moderate risk, whereas those 
meeting none of the criteria were low risk.

Statistical Analysis

All outcomes reported in this analysis were summarized 
using descriptive statistics. Continuous data were described 
using means and SDs. Categorical data were presented as 
proportions and percentages. Clinical outcomes reported 
during the TRANSAFE Rx study are briefly reviewed in this 
article. A detailed overview of the statistical methods used to 
report these outcomes has been published elsewhere.10

Results

Study Population

A total of 68 patients were included in the intervention 
cohort. Table 1 outlines baseline characteristics of study 
participants. At baseline, the mean age was 50 years, and 
participants were predominantly male (51.5%) and Black 
(58.8%). The primary etiologies of kidney failure were 
hypertension (92.6%) and diabetes (27.9%); 85.3% of 
patients were on dialysis at the time of transplant.

Intervention Types and Trends

Table 2 displays the types of pharmacist interventions made 
during the 12-month study. Predominant pharmacist inter-
vention types included medication reconciliation (n = 213) 
and patient education (n = 144). Medication changes, 
encompassing additions, deletions, dose adjustments, 
schedule changes, interval changes, and dose form changes, 
were also common. In total, the pharmacist made 141 medi-
cation changes, most frequently scheduling changes (n = 41) 
and deletions (n = 33). Other pharmacist interventions 
included mitigating study-technology–related issues (n = 45), 
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facilitating medication access (n = 16), and refilling medi-
cations (n = 12).

Patient education, medication reconciliation, and medi-
cation changes were the most frequent interventions made 
during month 1 of the study (Figure 1). Whereas patient 
education and medication changes trended downward as the 
study progressed, medication reconciliation remained consis-
tent from month 1 to month 12. The frequency of prescrip-
tion refills, medication access, and study technology–related 
interventions was largely stable throughout the study period.

Risk Assessment

At baseline, the dispersion of high-risk and medium-to-low 
risk patients was nearly equal (Figure 2). From month 1 to 
month 12, we observed an approximately 15% reduction in 
those patients deemed high risk and a corresponding increase 
of approximately 15% in medium-to-low risk patients.

Medication Errors, Adverse Events, 
Hospitalizations, and Infections

A comprehensive overview of clinical outcomes reported 
during the TRANSAFE Rx study have been published else-
where.10 Patients randomized to the intervention cohort 
experienced a significant reduction in medication errors 
(61% reduction in the risk rate; incidence risk ratio = 0.39; 
95% CI = 0.28-0.55; P < 0.001) as compared with usual 
care. Administrative errors were primarily a result of omis-
sions, additions, and prescribing errors, whereas clinical 
errors predominantly encompassed nontreated or under-
treated conditions. The intervention also produced signifi-
cantly lower incidence risk of composite grade 3 or higher 
adverse events (adjusted IRR = 0.55; 95% CI = 0.30-0.99; 
P = 0.05). Common adverse event classifications included 
cardiovascular events, metabolism and nutrition disorders, 
and kidney-related events. Throughout the study period, 
patients in the intervention group had significantly fewer 
hospitalizations (1.08 vs 0.65 hospitalizations per patient-
year; P = 0.007). Primary reasons for hospitalizations were 

infection, AKI, and cardiovascular- or gastrointestinal-
related conditions. Infections rates during the 12-month 
follow-up were comparable between groups.

Discussion

In this secondary analysis of data gathered during the 
TRANSAFE Rx study, we described the frequency and types 
of interventions made during a pharmacist-led, mHealth-
based initiative. The primary interventions made by clinical 
pharmacists encompassed medication reconciliation and 
patient education. The intervention also produced a reduction 
in the number of KTX recipients deemed high risk. To our 
knowledge, this is the first study describing the frequency 
and trends in pharmacist intervention and risk assessments 
using a mHealth-based intervention in transplant recipients.

As the role of the pharmacist continues to evolve, 
research has demonstrated that engaging pharmacy services 
within the transplant team can improve patient medication 
management, including medication reconciliation and 
patient education. In a systematic review of 12 studies, rep-
resenting 1837 transplant patients, Sam et al11 found that 
pivotal pharmacist activities included medication counsel-
ing and medication reconciliation. Patient education and 
counseling was a pillar of pharmacist intervention in 9 of 
these studies. The provision of education mainly occurred 
during face-to-face encounters within the inpatient setting 
prior to discharge and at follow-up clinic visits. In another 
study, Musgrave et al12 determined that pharmacists pre-
vented 1.9 errors per patient on discharge medication recon-
ciliations in a prospective cohort of patients. Of the errors 
not identified at the time of discharge, all were identified by 
the pharmacist at the patient’s first clinic visit. In a retro-
spective cohort of patients, an average of 3.4 errors per 
patient made at discharge were not corrected until at least 
the time of the first clinic visit.12 In a recent study, a phar-
macist-driven intervention was designed to improve  
medication accuracy in KTX recipients in the outpatient 
setting. In this study, a pharmacist performed medication 

Table 1. Baseline Characteristics of Study Participants.

Characteristic Intervention (n = 68)

Age (years) 50 ± 12.3
Male 35 (51.5%)
Female 33 (48.5%)
White 27 (39.7%)
Black 40 (58.8%)
History of diabetes 19 (27.9%)
History of hypertension 63 (92.6%)
Dialysis at transplant 58 (85.3%)
Years on dialysis 3.9 ± 2.6

Table 2. PharmD Interventions.

PharmD interventions Number of interventions

Patient education 144
Additions 29
Deletions 33
Dose adjustments 27
Schedule changes 41
Interval changes 5
Dosage form changes 6
Medication reconciliation 213
Prescription refills 14
Facilitating medication access 16
Study technology–related issues 45
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reconciliation with patients via telephone 2 weeks after a 
clinic visit and significantly reduced medication list dis-
crepancies from 95% to 28% (P < 0.05).8

Research has demonstrated that clinical pharmacist inter-
vention improves outcomes in other disease states outside of 
transplant. In a study involving 180 patients with heart fail-
ure and reduced ejection fraction undergoing evaluation in 
the ambulatory setting, patients were randomized to receive 
either clinical pharmacist evaluation or usual care. The inter-
vention included clinical pharmacist–led medication evalua-
tion, therapeutic recommendations, patient education, and 
telehealth monitoring. For the primary composite end point 
of all-cause mortality and heart failure clinical events, the 
intervention produced significantly lower rates as compared 
with usual care (4 vs 16; P = 0.005). Additionally, higher 
doses of angiotensin-converting enzyme (ACE) inhibitors 
were seen in the intervention arm. These results demon-
strated that engaging clinical pharmacists as members of the 
multidisciplinary heart failure team can improve clinical 

outcomes. The authors noted that these improvements may 
come as a result of increased ACE inhibitor doses and closer 
follow-up.13 Another study in the heart failure population 
showed improved medication compliance following a phar-
macy-led intervention in patients with moderate to severe 
disease.14 Barker et al15 found that postdischarge pharmacist 
direction medication reviews did not offer improvements on 
mortality or health care utilization and highlighted the need 
for a multidisciplinary approach versus pharmacist interven-
tion alone.

In diabetes, clinical pharmacist engagement can improve 
long-term health outcomes. In a review of 25 studies includ-
ing nearly 3000 patients with diabetes, Iqbal et al16 con-
cluded that across a variety of pharmacist-led interventions, 
pharmacists were able to produce significant reductions in 
hemoglobin A1C levels, improve outcomes, and reduce dis-
ease-related complications. In another recent systematic 
review, Presley et al17 evaluated 59 studies with pharmacist-
driven interventions in patients with diabetes. The authors 
found that most studies engaged the patient in the decision-
making process and aimed to improve medication adher-
ence. Several studies involved other health care professionals 
(ie, nurses, dietitians, physicians) and highlighted the impor-
tance of a multidisciplinary approach to provide comprehen-
sive patient care. Overall, pharmacist interventions enhanced 
outcomes in patients with diabetes, and education-based ini-
tiatives were among the most effective approaches.17

The evolution of mHealth technologies has improved 
access to important health services. However, current 
research primarily focuses on the provision of medication 
adherence–enhancing therapies. One study demonstrated 
that transplant recipients utilizing an mHealth app experi-
enced higher rates of medication reconciliation, although 
these findings were not significant.18

Figure 1. PharmD interventions by month.

Figure 2. PharmD risk assessment.
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Several barriers to the incorporation of mHealth technol-
ogies exist. Although research has shown that technology is 
an effective strategy to educate patients, willingness and 
access to mobile devices can be a barrier to implementation. 
Two surveys conducted in 2012 and 2015 demonstrate 
increasing trends in smartphone ownership among kidney 
transplant recipients, with one also showing a high degree of 
willingness to incorporate mHealth into their care.19,20 
Several other studies report a high satisfaction among 
patients who have participated in mHealth trials. However, 
there is evidence to suggest that reported willingness may 
not translate into sustained utilization over time.21 
Additionally, the cost-effectiveness of mHealth technolo-
gies, especially incorporating pharmacists, remains a ques-
tion. The use of stand-alone mHealth apps versus those 
embedded within EMR solutions is also a challenge to wide-
spread implementation—one that is beyond the scope of this 
article but worthy of detailed discussion and analysis.20

There are several strengths of this study. First, all inter-
ventions were made by 1 clinical pharmacist, establishing 
greater consistency among patients. Additionally, this anal-
ysis provided greater insight into the frequency of pharma-
cist interventions utilizing mHealth technologies. Other 
reports are mainly limited to the types of interventions and 
do not provide further granularity. Moreover, describing 
trends in intervention types contributes to our understand-
ing of the duration of impact of pharmacist-empowered 
mHealth technologies.

There are several limitations to this analysis. We only 
analyzed pharmacist interventions made in the intervention 
arm. Thus, we did not capture interventions made by the 
pharmacist during usual posttransplant care. Additionally, 
we only assessed changes in risk level for patients random-
ized to intervention. It is possible that decreases in patient 
risk levels over the study period may be partially attributed 
to increasing time from transplant. As time from transplant 
increases, there is typically a corresponding decrease in 
regimen complexity, which may lead to improved adher-
ence and less-frequent adverse effects. Additionally, risk 
assessment was based on adherence, blood pressure/glu-
cose trends, and adverse effects. These criteria may have 
been influenced by a number of pharmacist intervention 
types that we are unable to delineate between. Finally, we 
did not use attention control in the control arm because of 
cost constraints regarding the provision of smartphones. It 
is possible that increased attention in the intervention arm 
affected outcomes. However, the favorable return on invest-
ment reported for this intervention would support imple-
mentation of a similar program in clinical practice—even 
the increased attention was a primary driver of the results. We 
are unable to determine which components of the intervention—
mHealth app, increased attention, or pharmacist-led medi-
cation therapy monitoring and management—affected 
outcomes, although, it is likely that all 3 contributed. Thus, 

the application of 1 component of this intervention may not 
necessarily lead to results similar to those reported here.

Conclusions and Relevance

This intervention represents a promising mechanism to 
improve medication safety outcomes. A pharmacist-led, 
mHealth-based intervention may increase opportunities for 
both pharmacological and nonpharmacological interven-
tions and reduce the number of high-risk patients in the 
KTX population. Future studies should focus on expanding 
our understanding of the utility of these interventions and 
determining sustainability. Further investigation into the 
cost-effectiveness of this intervention is also warranted.

Authors’ Note
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