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1 | INTRODUCTION

Health disparities in African-American (AA) kidney transplant recipi-
ents remain a significant challenge to the transplant community.

Based on recent studies, AAs historically had nearly a 50% higher risk

Background: Health disparities in African-American (AA) kidney transplant recipients compared
with non-AA recipients are well established. Cardiovascular disease (CVD) risk control is a signif-
icant mediator of this disparity.

Objective: To assess the efficacy of improved medication safety, CVD risk control, and racial
disparities in kidney transplant recipients.

Methods: Prospective, pharmacist-led, technology-aided, 6-month interventional clinical trial. A
total of 60 kidney recipients with diabetes and hypertension were enrolled. Patients had to be
at least one-year posttransplant with stable graft function. Primary outcome measured included
hypertension, diabetes, and lipid control using intent-to-treat analyses, with differences
assessed between AA and non-AA recipients.

Results: The participants mean age was 59 years, with 42% being female and 68% being
AA. Overall, patients demonstrated improvements in blood pressure <140/90 mmHg (baseline
50% vs end of study 68%, P = 0.054) and hemoglobin Alc (HgbA1lc) <7% (baseline 33% vs end
of study 47%, P = 0.061). African-Americans demonstrated a significant reduction from baseline
in systolic blood pressure (-0.86 mmHg per month, P = 0.026), which was not evident in non-
AAs (-0.13 mmHg per month, P = 0.865). Mean HgbA1c decreased from baseline in the overall
group (-0.12% per month, P = 0.003), which was similar within AAs (-0.11% per month,
P = 0.004) and non-AAs (-0.14% per month, P = 0.029). There were no changes in low-density
lipoproteins, triglycerides, or high-density lipoproteins over the course of the study. Medication
errors were significantly reduced and self-reported medication adherence significantly improved
over the course of the study.

Conclusion: These results demonstrate the potential efficacy of a pharmacist-led, technology-
aided, educational intervention in improving medication safety, diabetes, and hypertension and
reducing racial disparities in AA kidney transplant recipients (ClinicalTrials.gov NCT02763943).
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of graft loss, as compared with Caucasians.»? Recently, changes to
the organ allocation system and improvements in immunosuppression
regimens have led to reduced disparities with regards to access to
deceased donor organs and acute rejection rates; yet, long-term dis-

parities in graft outcomes remain significant.'? These long-term
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disparities in AAs have traditionally been explained by higher immuno-

logic risks leading to higher rejection rates,®™® socioeconomic status

(SES) barriers,”® increased medication nonadherence,”*°

11-13

and a higher
prevalence and progression of comorbidities.

Previous racial disparities research in kidney transplantation
has focused on understanding and mitigating immunologic and SES
risks.’*15 Medication adherence has also been an area of focused
research.”*® Though acute rejection rate disparities have signifi-
cantly decreased, graft loss differences between AAs and non-AAs
have only marginally converged.»¢ In comparison, there are rela-
tively few studies assessing the impact of cardiovascular risk
factors and risk control on racial disparities in kidney
transplantation.?”~1? Over the past 5 years, our research collabora-
tive has set out to better understand the impact cardiovascular dis-
ease (CVD) risk factors and risk control has on racial disparities.
Using both single-center and national cohort studies, we have pre-
viously demonstrated that CVD risk factors (diabetes, hypertension,
and dyslipidemia) are more prevalent in posttransplant AA recipi-
ents.?° Furthermore, AA recipients have significantly reduced con-
trol of diabetes and hypertension after transplant, when compared
with non-AA recipients. Through iterative multivariate modeling,
we have demonstrated that control of CVD risk factors explains a
significant portion of the increased risk of graft loss within AA kid-
ney transplant recipients.2®

Given this information, our goal for this clinical trial was to assess
the preliminary efficacy of a pharmacist-led, technology-aided inter-
vention on improving CVD risk factor control within kidney transplant
recipients while also assessing if the potential improvements in CVD

risk factor control differ by race.

2 | METHODS

2.1 | Study design and patients

This was a prospective, interventional clinical trial assessing the
potential efficacy of a pharmacist-led, technology-aided, education
intervention for improving medication safety and cardiovascular risk
factor control in adult solitary kidney transplant recipients, with a
secondary aim of assessing if the impact of intervention varied by
race. The full methods of this study have been previously published
in detail.?* In brief, all patients enrolled in the study received the
intervention over a 6-month period. Outcomes were assessed at
baseline and compared with end of study measures using intention
to treat methodology. Six months was set as the intervention period
as the authors felt this was sufficient to significantly influence the
primary outcomes of CVD risk factor control. To be included in the
study, patients must have been 18 years or older, received a kidney
transplant, had an estimated glomerular filtration rate 220 mL/min/
m? (4-variable modified diet in renal disease equation), and be at
least 1-year posttransplant. The patient must have had hypertension
and diabetes mellitus, and were willing to comply with all study

visits.

2.2 | Interventions

The study intervention consisted of both a technology and health ser-
vices component. The technology included providing Bluetooth
enabled home monitoring devices for glucose and blood pressure
(BP) to all study participants; this enabled the data to be automatically
uploaded to a web-based portal using a third-party mobile health
(mHealth) app (Test N’ Go, ForaCare, Moorpark, California). If a
patient did not have a smartphone or Wi-Fi enabled portable elec-
tronic device to utilize the mHealth app, one was provided to them
during the study. This allowed the patient and providers to easily see,
aggregate, and review home-based monitoring for both BPs and glu-
cose readings. At each follow-up visit, these data were reviewed with
study participants and they were encouraged to share this information
with their primary care providers as well. The technology component
was coupled with monthly, face-to-face, pharmacist-led encounters
designed to reduce patient-level factors creating barriers for CVD risk
factor control, including medication nonadherence, medication errors,
self-efficacy (an individual's belief in his/her capacity to execute
health-promoting behaviors), and lifestyle choices. The full description
of the intervention has been previously described.?! At each visit, dif-
ferent themes were addressed with patients. Visit 1 focused on train-
ing patients on the Bluetooth enabled glucometer and BP meter, as
well as obtaining a full medication history. Visit 2 focused on medica-
tion education, medication expectations, drug indications, side effects,
dosing, regimens, and medication self-efficacy. Visit 3 focused on
medication adherence, including the importance of adherence and
tools that can be used to improve adherence. Motivational interview-
ing techniques were used to facilitate these discussions.?? Visit
4 focused on chronic disease state self-efficacy and self-care, while
Visit 5 focused on lifestyle choices, including diet and exercise. Finally,
Visit 6 was the close out visit that focused on ensuring that patients

have appropriate follow-up care with primary care providers.

2.3 | Outcomes

The primary outcome of this study assessed CVD risk factor control
including diabetes, hypertension, and dyslipidemia. Control was deter-
mined at baseline (study initiation), at each study visit for BP, and at
Visits 4 and 6 for diabetes and lipids, using the following definitions:
hypertension control was set at thresholds of BP <130/80 mmHg;
diabetes control was set at a threshold of hemoglobin Alc (HgbAlc)
<7%; lipid control was defined as an low-density lipoprotein (LDL) of
<100 mg/dL and triglyceride (TG) <150 mg/dL. Cholesterol was
assessed by collecting a fasting lipid panel at baseline, month 4, and
month 6 of the study, along with HgbAlc measures. BPs were
assessed at monthly clinic visits by measuring three sitting and resting
BPs and averaging the last two readings. Thresholds were also set at
the following for exploratory analyses: BP <140/90 mmHg, HgbAlc
<8% and LDL <70 mg/dL. The change in mean values over the course
of the study were also assessed.?3-2°

Secondary outcomes included acute rejections, hospitalizations,
emergency department (ED) visits, graft loss, and death that occurred
during the study period. These were assessed by conducting chart

reviews to determine clinical events and interviewing participants at
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each monthly visit to assess clinical events (hospitalizations and ED
visits) that occurred outside the study site. At each monthly visit, med-
ication errors (patients taking medications in a method that was not
intended or not accurate in the medical records) were also assessed
using previously validated measures.?! Medications used to manage
CVD risk factors and immunosuppression regimens were also
assessed during the study. Finally, patient-reported medication adher-
ence was assessed at monthly visits using a validated survey

instrument.26-28

2.4 | Statistical analysis

The study was powered based on improving posttransplant hyperten-
sion control to goal levels. Grounded on preliminary data, we
expected ~30% of kidney recipients to meet optimal hypertension
goals (<130/80).2° Using this as the baseline rate of control, this study
had 80% power to detect an 18% improvement in rate of optimal BP
control (30% baseline, 48% at the end of follow-up). Data for this clini-
cal trial were analyzed in a paired intent-to-treat fashion, with each
patient acting as their own control, and baseline data being compared
with month 6 results (or the last follow-up values carried forward for
patients that did not complete the study). Standard descriptive statis-
tics were used to assess the baseline characteristics of the study
group. Comparisons at baseline by race were done using Fisher exact
test and Student t test. CVD risk factor control analyses were con-
ducted by comparing change in values (BPs, HgbA1cs, and lipids) from
baseline to end of study with percent of patients deemed at optimal
control for each value at the beginning and end of study. Continuous
variables were compared using the paired Student t test, with categor-
ical data compared using McNemar test. Analyses were stratified by
race to assess if intervention effects differed between AA and non-
AA patients. To assess changes in values overtime (repeated mea-
sures), generalized linear modeling was utilized, accounted for within

patient correlation, with parameters estimated via GEE using Proc

Genmod. A two-sided P-value <0.05 was considered statistically sig-
nificant and all analyses were conducted using SAS version 9.4 (SAS

Institute Inc., Cary, North Carolina).

3 | RESULTS

A total of 177 patients were assessed for participation; 19 of who
were screen failures and 98 declined to participate (38% consent rate
[95% confidence interval, Cl 31%-46%)). Primary reasons for declining
included living too far from the study site to make monthly visits and
not being interested in participating in clinical research. Of the
60 patients enrolled, 51 (85% completion rate [95% Cl 74%-92%)])
completed the study (see Figure S1 for the Consort diagram, Support-
ing Information). The participants' mean age was 59 years, with 42%
being female and 68% being AA; all had diabetes and hypertension,
and most were overweight or obese with limited economic means
(Table 1). African-American participants had similar demographics, but
significantly differed by socioeconomic indicators including education,
salary, and health insurance. Most patients in the study had substan-
tial cardiovascular comorbidities, including a history of cardiac surgery,
acute myocardial infarction, heart catheterization, stroke, or peripheral
vascular disease. African-Americans were less likely to have a history
of cardiac catheterization but were similar with regards to other car-
diovascular comorbidities (Table S1). Transplant characteristics and
donor information are displayed in Table S2. African-Americans were
more likely to be sensitized, have HLA mismatches, and receive
deceased donor transplants.

With regards to the primary outcome, as compared with baseline
values, after the 6-month intervention, the overall study group dem-
onstrated clinically relevant improvements in the exploratory thresh-
olds for BP <140/90 mmHg (50% vs 68%, P = 0.054) and primary
threshold of HgbAlc <7% (33% vs 47%, P = 0.061). Thresholds cut-
offs of BP <130/80 mmHg, HgbAlc <8%, LDL, and TG were similar at

TABLE1 Baseline sociodemographics of the study cohort, stratified and compared between African-American (AA) and non-AA subjects

Baseline sociodemographics Total (n = 60) Non-AA (n = 19) AA (n = 41) P-value
Age (mean + SD) 594 + 111 62.7 £ 111 57.9 £ 10.9 0.121
Female gender 41.7% 31.6% 43.3% 0.281
African-American 68.3% - - -
Body mass index (kg/m?) 328 £ 4.3 341+ 44 322+ 41 0.135
History of smoking 28.8% 36.8% 25.0% 0.348
Current smoker 3.4% 5.3% 2.5% 0.274
End stage renal disease etiology

Diabetes 50.9% 47.4% 52.6% 0.294

Hypertension 38.6% 31.6% 42.1%

Other 10.5% 21.0% 5.3%
Dialysis prior to transplant 87.5% 66.7% 97.4% 0.001
Hemodialysis 85.7% 83.3% 86.5% 0.786
Completed high school 47.4% 68.4% 37.5% 0.026
Currently married 61.0% 73.7% 55.0% 0.543
Annual salary 2$50 000 18.5% 47.4% 5.0% 0.001
Medicare insurance 80.0% 84.2% 78.1% 0.579
Medicaid insurance 23.3% 5.3% 31.7% 0.024



4_|_ Journal of the American College of Clinical Pharmacy TABER ET AL
100%
B Baseline
90%
oy OEnd of Study
80% Bty p=0.724
— p=0.054 i
o P=0.387
2 70%
[
Q
Y 60%
2
= =0.061
T s0% o
@
=
£ 40% p=0.663
o p=1.00
S 30%
20%
10%
0%
BP <140/90 BP <130/80 A1C<8% Al1C<7% LDL <100 LDL <70 TG <150
100% 100%
—_ 90% [ty p=0.480 @ Baseline - 90% W Baseline
[]
‘E 80% | p=0.724 DEnd of Study ‘E 80% DEnd of Study p=0_547
8 70% p=0.074 8 70% |p=0.067 p=0.228 p=0.683
En 60% p=0.773 p=1.00 %ﬂ 60%
ke T 50%
g 50% P=0.683 g So% p=0.505
S 40% = 40%
£ 30% £ 30% R0, 152 P=0.371
@
% 20% g 20%
o 10% o 10%
0% 0%
BP BP AlC<8% Al1C<7% LDL<100 LDL<70 TG <150 BP BP  Al1C<8% A1C<7% LDL<100 LDL<70 TG <150
<140/90 <130/80 <140/90 <130/80

FIGURE1 Cardiovascular risk factor control measures, compared at baseline and end of study for the entire cohort (top). The race-stratified
results are in the bottom two charts, with non-AAs in the bottom left and AAs in the bottom right. AA, African-American; A1C, hemoglobin Alc;

BP, blood pressure; LDL, low-density lipoprotein; TG, triglyceride

baseline and end of follow-up (top, Figure 1). A number of CVD risk
factor control measurements improved more significantly in AAs, as
compared with non-AAs (bottom, Figure 1). African-Americans were
more likely to have significant improvements in BP <140/90 mmHg
and HgbAlc <8%. Conversely, non-AAs were more likely to obtain
tighter HgbAlc control (<7%), as compared with AAs. In the overall
study group, reductions in mean SBP from baseline were not statisti-
cally significant (-0.63 mmHg per month, P = 0.075). However, AAs
demonstrated a significant reduction from baseline (-0.86 mmHg per
month, P = 0.026), which was not evident in non-AAs (-0.13 mmHg
per month, P = 0.865). A similar trend was noted for diastolic blood
pressure from baseline (AA -0.37 mmHg per month, P = 0.073 vs
non-AA 0.28 mmHg per month, P = 0.482; top, Figure 2). Mean
HgbA1lc decreased from baseline in the overall group (-0.12% per
month, P = 0.003), which was similar in magnitude within AAs
(-0.11% per month, P = 0.004) and non-AAs (-0.14% per month,
P = 0.029). There were no changes from baseline in LDL (-0.10 mg/dL
per month, P = 0.862), TGs (0.31 mg/dL per month, P = 0.915) or
high-density lipoprotein (HDL, 0.12 mg/dL per month, P = 0.469) over
the course of the study, which was similar in AAs and non-AAs (bot-
tom, Figure 2 and Figure S2).

Patient clinical outcomes, including acute rejections episodes, ED
visits, hospitalizations, graft loss, and death are displayed in Table 2.
During the study intervention, event rates were at or below expected
rates for this population and were similar between AA and non-AA
participants. In the entire study group, there was one acute rejection

episode, one graft loss, and one death. The graft loss was due to

severe rejection (Banff grade 2a) that was not responsive to antirejec-
tion therapies and the death was due to multifocal pneumonia and
sepsis. Common reasons for ED visits and hospitalization included
infections, cardiovascular events, diabetes complications, acute kidney
injury, and gastrointestinal issues. New adverse events (AEs) are
depicted in Table S3. Adverse events occurred in 43% of patients,
which was higher in non-AAs as compared with AAs (63.2% vs 34.1%,
P = 0.035). The most common AEs in non-AAs included gastrointesti-
nal issues, neurologic issues, and upper respiratory symptoms; within
AAs, AEs were fairly equally spread across systems.

Medication errors identified during each study visit occurred sig-
nificantly less often over the course of the intervention (top,
Figure 3). The mean number of medication errors reduced from
roughly 3.0 + 2.7 per patient-visit at baseline to 0.14 + 0.44 per
patient-visit at study end (-0.71 errors per month, P < 0.001); these
did not differ by race. The types of errors are displayed in Table 3.
The majority of errors were related to discrepancies in what the
patient was taking vs what was documented in the electronic medical
record. Classes of medications that participants were taking through-
out the study are displayed in Figures S3-S6. At baseline, 73% of
patients were receiving statin therapy which increased during the
study (78% in non-AAs and 91% in AAs at study end). At baseline,
angiotensin converting enzyme inhibitors and angiotensin receptor
blockers were utilized in 61% of patients (68% in non-AAs and 46% in
AAs). At study end, this increased to 69% (72% in non-AAs and 61%
in AAs). Aspirin use increased from 52% to 63% during the study.

Other medications, including antihypertensives, antihyperglycemics,
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TABLE 2 Clinical outcomes for the study cohort, stratified and 5
compared between African-American (AA) and non-AA subjects 4.5 AA
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Clinical outcomes (n=60) (n=19) (n=41) P-value & 3.5
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©
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and immunosuppression regimens, remained consistent during the 0 Baseline Visit 2 Visit 3 Visit 4 Visit 5 Visit 6
study intervention. None of these changes in medication use were
statistically significant. Patient-reported medication adherence also 100%

improved throughout the study (bottom, Figure 3). At baseline, 59.6%
of patients reported high medication adherence, which increased to
89.5% at study end. For each month in the study, patients had 34%
higher odds of reporting high medication adherence (odds ratio 1.34,
[95% Cl 1.10-1.64], P = 0.004).

4 | DISCUSSION

The results of this prospective clinical trial demonstrated improved
medication safety, BP, and glycemic control in kidney transplant recip-
ients through a technology-assisted, pharmacist-led educational
intervention. Furthermore, these results established that some
improvements varied by race, such that AA recipients had substantial
improvements in BP control, mitigating disparities in this regard.

These findings provide promising results that suggest focused

90%
80%
70%
60%
50%
40%

High Medication Adherence

30%

20% AA

10% [ Non-AA
0% Baseline Visit 2 Visit 3 Visit 4 Visit 5 Visit 6

FIGURE 3 Medication errors and adherence at baseline and follow-
up visits, stratified by participant race

educational interventions, aided through the use of technology, may
help to abrogate racial disparities in kidney transplantation.
Hypertension is a predominant issue in racial disparities within

chronic kidney disease and kidney transplant outcomes. Studies over
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TABLE3 Type and frequency of medication errors documented
during the study

Type of error Frequency (%)
Drug dose too high 19 (11.8)
Drug dose too low 22 (13.7)
Inappropriate or suboptimal doses form 1(0.6)
Medication discrepancy—medication in EMR patient 92 (57.1)
not currently taking
Medication discrepancy—patient currently taking 27 (16.8)
medication not in EMR
Total 161

Abbreviation: EMR, electronic medical record.

the past 30 years have established that AAs have a higher prevalence
and more rapid progression of hypertension; it occurs at an earlier age
and is more commonly implicated in end-organ damage within
AAs.2%30 posttransplant, hypertension and poor BP control are major
factors in disparate graft survival within AA recipients.***8 In a study
conducted by Cosio et al, mean arterial pressures correlated with a
shorter allograft half-life only in AA recipients (P = 0.002) as compared
with Caucasians (P = 0.840).1! Kidney transplant survival was eight
times shorter in AAs with poor BP control as compared with Cauca-
sians. In a more recent analysis using national data, our research group
demonstrated that posttransplant BP control (<140/90 mmHg) was
significantly less common in AAs as compared with non-AAs (60% vs
69%, P < 0.01). In multivariable modeling, adjusting for BP control sig-
nificantly reduced the influence of race on graft loss.?° Thus, it is likely
that improved BP control is necessary to improve graft outcome dis-
parities for AAs. The results of this clinical trial intervention provides
preliminary evidence that educations efforts, focused on improving
medication safety and self-efficacy coupled with technology, offer a
promising mechanism to address this disparity. African-Americans
entered the study with a substantial disparity in BP levels and control
thresholds, and over the 6-month study, these differences were sub-
stantially mitigated.

Diabetes and glycemic control are also significant issues within
AAs.31733 posttransplant diabetes has a higher prevalence in AAs, as
compared with Caucasians. Poor glycemic control is also more prev-
alent in AA kidney transplant recipients and this appears to influence
racial disparities as well; albeit not to the same level as BP control.3*
The results of our clinical intervention demonstrated improved gly-
cemic control in the entire study population, which did not apprecia-
bly differ by race. Thus, further studies are warranted to better
understand how best to improve glycemic control in AA recipients. It
may require multimodal interventions that not only utilize education
and technology, but also employ different therapeutic modalities as
well.®> Lipid control did not differ across the study population, but
given that the vast majority of patients were on medium to high
intensity statin therapy at study initiation, this was to be expected.
The most recent guidelines suggest that goal lipid levels are less
important than maximizing pharmacotherapy based on patient
risk.3¢

Medication errors and medication safety are major issues in

transplant recipients, as the majority are receiving more than

10 medications and 20 doses per day; these agents are known to have
substantial toxicities and numerous drug interactions. Nonadherence,
adverse drug events, and errors can have a major influence on clinical
outcomes after transplant.®”~%° The results of this study demon-
strated reduced medication errors (mainly in discrepancies within the
electronic medical record) and improved patient-reported adherence,
with low rates of newly reported adverse drug events. These findings
offer promise that educational and technology interventions, driven
by transplant pharmacists, may improve medication-related outcomes.
Further studies are needed to determine the impact of such interven-
tions on long-term clinical outcomes.

There are a number of limitations with this study. First, the study
was not randomized and all patients received the intervention. This
was intentionally designed to achieve maximum power in detecting
differences while having a limited sample size. However, the study did
not meet a priori power calculations, which was based on achieving
BP control of 130/80 mmHg. This was chosen based on guidelines in
place at the time of study design, but more recent guidelines allow for
a less stringent goal of <140/90, a measurement that was clinically
improved during the study.?>#* Another limitation was that there was
a low consent rate of 38% (the goal was a priori set at 70% based on
previous experience). This was largely due to patients' lack of willing-
ness to return to the clinic for monthly visits, as many lived more than
50 miles away. Transforming the study into a telehealth intervention
would have largely solved this problem. We do feel we had a nice mix
of both urban and rural participants, despite this geographic limitation.
An additional limitation was the relative imbalance in participants by
race, as 68.3% were AA. This was likely due to the fact that 55% of
kidney transplant recipients at our center are AA, and the prevalence
of hypertension and diabetes is significantly higher in AAs. However,
under-representation of AAs within clinical trials is usually the norm
and it is a promising sign that we were able to easily enroll AAs within
a clinical interventional trial.*? Finally, the relatively small sample size
and short follow-up time period created barriers in finding statistically
significant differences in clinical outcomes and larger studies with
long-term follow-up are warranted to truly assess the impact of
improved CVD risk factor control on graft outcomes in kidney
transplantation.

Overall, these preliminary findings provide promising data that
demonstrated the potential efficacy of a pharmacist-led, technology-
aided, educational intervention on improved medication safety, glyce-
mic control, and BP control in kidney transplant recipients. The
improved BP control also demonstrated reduced racial disparities, as
compared with baseline findings at study entry. Larger studies with
long-term follow up are needed to truly assess the impact of such
interventions on graft outcomes and racial disparities in kidney

transplantation.
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