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BACKGROUND: Patients with diabetic kidney disease
(DKD) often struggle with blood pressure control. In
team-based models of care, pharmacists and primary
care providers (PCPs) play important roles in supporting
patients’ blood pressure management.
OBJECTIVE: To describe whether PCPs’ acceptance of
pharmacists’ recommendations impacts systolic blood
pressure (SBP) at 36 months.
DESIGN: An observational analysis of a subset of partic-
ipants randomized to the intervention arm of the Simul-
taneous risk factor control using Telehealth to slOw Pro-
gression of Diabetic Kidney Disease (STOP-DKD) study.
PARTICIPANTS: STOP-DKD participants for whom (1)
the pharmacist made at least one recommendation to
the PCP; (2) there were available data regarding the PCP’s
corresponding action; and (3) there were SBP measure-
ments at baseline and 36 months.
INTERVENTION: Participants received monthly tele-
phone calls with a pharmacist addressing health behav-
iors and medication management. Pharmacists made
medication-related recommendations to PCPs.
MAIN MEASURES: We fit an unadjusted generalized lin-
ear mixed model to assess the association between the
number of pharmacists’ recommendations for DKD and
blood pressure management and PCPs’ acceptance of
such recommendations.Weused a linear regressionmod-
el to evaluate the association between PCP acceptance
and SBP at 36 months, adjusted for baseline SBP.
KEYRESULTS: Pharmacistsmade 176 treatment recom-
mendations (among 59 participants), of which 107 (61%)
were accepted by PCPs. SBP significantly declined by an
average of 10.5 mmHg (p < 0.01) among 47 of 59 partici-
pants who had valid measurements at baseline and 36
months. There was a significant association between the
number of pharmacist recommendations and the odds of
PCP acceptance (OR 1.19; 95%CI 1.00, 1.42; p < 0.05),

but no association between the number of accepted rec-
ommendations and SBP.
CONCLUSIONS: Pharmacists provided actionable
medication-related recommendations. We identified a sig-
nificant decline in SBP at 36 months, but this reduction
was not associated with recommendation acceptance.
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INTRODUCTION

Diabetic kidney disease (DKD) is one of the most prevalent
diabetes-related complications,1 affecting more than 30% and
40% of patients with type I and type II diabetes, respectively.2–4

Diagnosis and severity of DKD is associated with an increased
risk of adverse health outcomes (e.g., end-stage renal disease,
cardiovascular disease/events, end-organ damage), impaired
quality of life, and premature mortality.2–4 To manage DKD
and prevent disease progression, treatment often focuses on
controlling a patient’s glucose and common comorbidities,
including elevated blood pressure.2,5,6

Pat ients exper iencing this t r i fec ta of chronic
conditions—diabetes, kidney disease, and hypertension—may
have competing health demands and especially struggle to
manage their blood pressure. Preventing DKD progression
and addressing elevated blood pressure requires patients to
engage in complex self-management, often comprised of med-
ication intensification, medication management, medication ad-
herence, and concurrently changing multiple health behaviors
(e.g., improving diet, increasing physical activity, maintaining
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appropriate self-monitoring).7 This process is challenging and
may best be approached with a patient-centered, team-based
model of care.
Team-based care for DKD may necessitate involvement

from patients’ primary care providers (PCPs), nephrology care
team, and pharmacists, among others. Pharmacists may play a
particularly critical role in the context of managing concurrent
DKD and elevated blood pressure, because of their unique
perspectives on medications prescribed across conditions. Ev-
idence supports the integration of pharmacists as part of the
ambulatory care team for the treatment of patients with DKD.
Specifically, physician-pharmacist team-based care has been
associated with a decline in the incidence of end-stage renal
disease8 and improvements in bothmedication adherence9 and
health outcomes.10,11 Moreover, pharmacist-delivered inter-
ventions appear to be successful at enhancing adherence and
subsequent clinical outcomes even when delivered remotely
over the telephone.12–16

We recently completed the Simultaneous risk factor control
using Telehealth to slOw Progression of Diabetic Kidney
Disease (STOP-DKD) s tudy ( t r ia l reg is t ra t ion :
NCT01829256). Details of the STOP-DKD approach have
been previously described elsewhere.17 STOP-DKD provided
an innovative care delivery model, where pharmacists recom-
mended medication-related changes to PCPs of patients with
DKD. Since the central premise of STOP-DKD required
communication-informed action between PCPs and pharma-
cists, the purpose of this analysis was to describe whether
PCPs’ acceptance of pharmacists’ recommendations had an
impact on systolic blood pressure (SBP) decline at 36 months.

METHODS

Study Design and Setting

The STOP-DKD study was a two-arm randomized controlled
trial that evaluated the effectiveness of a multifactorial behav-
ioral and medication management intervention to reduce kid-
ney function decline at three years compared with usual care.
Patients with DKD were recruited from seven primary care
clinics affiliated with the Duke University Health System and
located in North Carolina. STOP-DKD required a team-based
approach to healthcare delivery, whereby PCPs fulfilled their
usual care roles and research pharmacists interacted with study
participants over the telephone for 36 months, delivering
monthly behavioral-educational modules focused on home
blood pressure monitoring, medication management, and dia-
betes self-management.17 When clinically indicated, the two
research pharmacists electronically made treatment recom-
mendations to a participant’s PCP based on evidence-based
protocols.17 These recommendations were based on partici-
pants’ home-based blood pressure values. Examples of re-
search pharmacist recommendations are reported in Table 1.
Study assessments were conducted at baseline enrollment,

12 months, 24 months, and 36 months. At each assessment,

demographic, social, and clinical data were collected. Re-
search staff collected three sets of blood pressure values
(SBP, diastolic blood pressure, and mean arterial pressure)
using Omron’s Professional Digital Blood Pressure Monitor
(Model HEM-907XL), following a standardized protocol.17

This protocol specified that patients should rest for five
minutes prior to blood pressure measurement.

Participants

The parent STOP-DKD trial randomized 281 participants, of
which 138 were allocated to the intervention arm.17 Previous
reports of STOP-DKD have described participants’ baseline
characteristics and information regarding participants’ ambu-
latory blood pressure measurements.17,18 Our analysis was
limited to participants for whom (1) the research pharmacist
made at least one clinical recommendation to the PCP; (2)
there were available data regarding the PCP’s corresponding
action; and (3) there were valid SBP measurements at both
baseline and 36 months.

Key Measures

There were two main outcome measures. The first was a
binary indicator of a PCP’s acceptance of the research phar-
macist’s recommendations for supporting patients’ DKD and
blood pressure management. Acceptance was defined as
whether or not a PCP acknowledged and took action based
on a research pharmacist’s recommendation(s) for care. The
second key outcome was SBP at 36 months.

Statistical Analysis

We conducted statistical analysis in SAS version 9.4 (Cary,
NC) and R version 3.4.4 (Vienna, Austria). We computed
descriptive statistics using means and standard deviations
and medians and interquartile ranges (25th to 75th percentiles)
for continuous variables and frequencies and percentages for
categorical variables. We performed additional exploratory

Table 1 Example Research Pharmacist Recommendations

Type of
recommendation

Example of recommendation

Appropriateness • Patient should re-start carvedilol-Rx was not
refilled by PCP so patient believed it was
discontinued.

Intensification • Patient should have BP medication
intensified.
• Home BP > 135/85 based on 3 values.
However, most recent value < 135/85.
Re-check BP at office visit. If >140/90,
intensify regimen.
• BP > 135/85. On max dose of lisinopril.
Consider adding low dose of HCTZ or
chlorthalidone.

Safety • Patient has had episodes of hypoglycemia.
Did not reduce glimepiride and took higher
dose of Lantus.

BP blood pressure, HCTZ hydrochlorothiazide, PCP primary care
provider
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analyses to assess the distributions of SBP values via histo-
grams, density plots, and boxplots and assessed pairwise
correlations between continuous variables.
To assess a provider’s acceptance of the research pharma-

cist’s treatment recommendation, we fit a generalized linear
mixed model (GLMM) to account for the correlation between
multiple recommendations made on behalf of the same partic-
ipant. The number of recommendations was aggregated over
the study period for each study participant and was modeled as
a fixed effect to address whether a recommendation was the
first, second, third, etc. for a particular participant. Each rec-
ommendation was treated individually and duplication of rec-
ommendation content was not captured. In other words, in the
mixed model, the first recommendation would have a value of
0 (not accepted) and the second recommendation would have
a value of 1 (accepted). Lastly, we included a random intercept
for each study participant, but did not include a random effect
for each research pharmacist as 94% of recommendations
originated from one pharmacist.
To evaluate the association between PCP acceptance and

SBP at 36 months, we fit two separate linear regression
models. In the first model, we regressed SBP on the total
number of pharmacist recommendations, the total number of
recommendations accepted by the PCP, and baseline SBP. The
second model only adjusted for the percent of recommenda-
tions accepted by the PCP (defined as the total number of
accepted recommendations/the total number of made recom-
mendations) and baseline SBP. This study was approved by
the Duke Health Institutional Review Board.

RESULTS

Participant Characteristics. During the 36-month study peri-
od, the research pharmacists made 176 treatment recommen-
dations. These recommendations were made for approximate-
ly 43% of STOP-DKD intervention participants (n = 59).
Among those participants that received a recommendation,
the median age at study enrollment was 63.04 years (inter-
quartile range [IQR] 57.85, 68.11). Most participants were
black (51%) and male (61%). The median SBP at baseline
was 139 mmHg (IQR 132.83 mmHg, 149.50 mmHg). Addi-
tional information regarding participant characteristics and
pharmacist recommendations are reported in Table 2.

Pharmacist Interactions. Overall, the mean phone call length
across all completed encounters was approximately 17.5
minutes (standard deviation [SD] 8.8 minutes). There was
approximately a five-minute average variation in call length
by pharmacist. The two pharmacists had average phone calls
of approximately 13.2 minutes (SD 8.6 minutes) and 18.2
minutes (SD 8.6 minutes), respectively.
Of the 176 recommendations made, approximately 32% (n

= 56) addressed appropriateness of therapy, 55% (n = 96)

addressed intensification, and 14% (n = 24) addressed safety.
An example of an appropriateness-related recommendation
was as follows: BStopped spironolactone 3 months ago.
Recommended she contact PCP about when/if to re-start.^
An example of an intensification recommendation was as
follows: BWrist monitor. BP > 135/85. Intensify if office
value > 140/90. Consider HCTZ 12.5 mg.^ An example of
a safety recommendation was as follows: BPatient having
frequent hypoglycemic readings, recommended to D/C
sulfonylurea.^

Provider Acceptance. Of the 59 participants included in this
analysis, approximately one-third of participants (n = 19) had
only one pharmacist recommendation, while 20% (n = 12) of
participants received two medication-related recommenda-
tions. For approximately 17% of participants (n = 10), none
of the pharmacist recommendations were accepted by their
PCP. In the majority of cases, these recommendations ad-
dressed intensification. Overall, 61% (n = 107) of all recom-
mendations were accepted by PCPs. There was an inter-
pharmacist difference with 82% and 59% of each pharmacist’s
recommendations being accepted by PCPs. There was a sig-
nificant correlation between the number of treatment recom-
mendations made by pharmacists and the number of recom-
mendations accepted by PCPs (Pearson’s ρ = 0.75, p < 0.01).
In the GLMM, there was a significant association (p < 0.05)

between the number of pharmacist recommendations and the
odds of PCPs’ acceptance (odds ratio [OR] 1.19, 95% confi-
dence interval [CI] 1.00, 1.42) (Table 3).

Change in Blood Pressure. Of the 59 participants for whom a
treatment recommendation was made, 47 participants (80%) had
sufficient baseline and follow-up SBP data available for further
analysis (Fig. 1). Over the three-year study period, SBP signif-
icantly declined on average, by 10.5 mmHg (p < 0.01) (median
decline 9 mmHg, p < 0.01). The number of recommendations
accepted by PCPs and improvement in SBP were positively, but
not significantly, correlated (Pearson’s ρ = 0.20, p = 0.19).
In the first linear regression model, there was no significant

association between either the number of recommendations or
the number of accepted recommendations and SBP at 36
months (− 0.21, 95% CI − 3.72, 3.30 and − 2.43, 95% CI −
7.77, 2.90, respectively). Similarly, there was no association
between the percent of accepted recommendations and SBP at
36 months (2.36, 95% CI − 12.93, 17.63) in the second linear
regression model (Table 3).

DISCUSSION

The population of patients with DKD is on the rise.19,20

Patients with DKD are at increased risk of uncontrolled blood
pressure and subsequent health complications,2–4 making this
an important patient population with complex self-
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management and medication needs. The STOP-DKD study
incorporated innovative team-based care models (e.g., support
from pharmacists and PCPs) as well as non-traditional modes
of delivery (e.g., telephone-based care).

Our analysis demonstrates that a clinically relevant group of
participants (43%) had at least one medication-related recom-
mendation and theywere accepted over half of the time (61%).
This suggests that pharmacists may identify important unmet

Table 2 Baseline Characteristics of Participants with at Least One Pharmacist Recommendation

Participants
(N = 59)

No recommendations accepted by PCP
(N = 10)

At least 1 recommendation accepted by
PCP (N = 49)

Demographics
Age (mean, SD) 61.63 (8.97) 64.14 (5.92) 61.12 (9.44)
Age (median, IQR) 63.04 (57.85–68.11) 63.28 (62.27–67.6) 62.58 (57.46–67.69)
Sex (N, %)
Female 23 (38.98) 5 (50.00) 18 (36.73)
Male 36 (61.02) 5 (50.00) 31 (63.27)

Race (N, %)
White or Caucasian 25 (42.37) 5 (50.00) 20 (40.82)
Black/African American 30 (50.85) 5 (50.00) 25 (51.02)
Asian 1 (1.69) 0 (0.00) 1 (2.04)
Other 3 (5.08) 0 (0.00) 3 (6.12)

Household income (N, %)
< $15,000 8 (13.56) 3 (30.00) 5 (10.20)
$15,000–$29,999 4 (6.78) 0 (0.00) 4 (8.16)
$30,000–$59,999 20 (33.90) 3 (30.00) 17 (34.69)
$60,000–$89,999 16 (27.12) 1 (10.00) 15 (30.61)
≥$90,000 10 (16.95) 2 (20.00) 8 (16.33)
Don’t know 1 (1.69) 1 (10.00) 0 (0.00)

Clinical characteristics
Blood pressure measures
Baseline SBP (mean, SD) 140.57 (14.75) 134.30 (9.48) 141.85 (15.37)
Baseline SBP (median,

IQR)
139.00 (132.83–
149.50)

133.67 (129.92–136.75) 141.33 (133.33–150.00)

36 M SBP (mean, SD) 129.95 (20.90) 126.59 (19.26) 130.75 (21.44)
36 M SBP (median, IQR) 129.00 (118.66–141.50) 121.00 (118.00–144.00) 131.33 (119.75–140.50)
SBP change (mean, SD)* −10.45 (21.26) −7.74 (23.49) −11.10 (20.98)
SBP change (median, IQR)* −9.00 (−18.67–1.17) −6.33 (−15.33–0.67) −9.17 (−22.50–1.25)
Diabetes measures
Baseline A1c (mean, SD) 8.42 (2.00) 8.28 (1.53) 8.45 (2.09)
Baseline A1c (median,

IQR)
8.10 (6.90–9.75) 8.20 (7.05–8.95) 8.10 (6.70–9.80)

Kidney function measures
Baseline eGFR (mean, SD) 80.93 (21.03) 78.35 (18.52) 81.46 (21.46)
Baseline eGFR (median,

IQR)
85.53 (64.74–94.05) 81.46 (68.57–91.71) 85.76 (64.01–97.33)

Comorbidities (N, %)
Chronic kidney disease† 5 (8.47) 0 (0.00) 5 (10.20)
Hypertension† 56 (94.92) 10 (100.00) 46 (93.88)
High cholesterol† 41 (69.49) 7 (70.00) 34 (69.39)
Cardiovascular disease‡ 8 (13.56) 1 (10.00) 7 (14.29)

Pharmacist recommendations
Recommendations (mean,

SD)
2.98 (2.31) 2.20 (1.40) 3.14 (2.43)

Recommendations (median,
IQR)

2.00 (1.00–4.00) 1.50 (1.00–3.75) 2.00 (1.00–5.00)

Recommendations (N, %)
1 recommendation 19 (32.20) 5 (50.00) 14 (28.57)
2 recommendations 12 (20.34) 1 (10.00) 11 (22.45)
3 recommendations 10 (16.95) 1 (10.00) 9 (18.37)
≥ 4 recommendations 18 (30.51) 3 (30.00) 15 (30.61)

Accepted by PCP (mean,
SD)

1.81 (1.51) 0.00 (0.00) 2.18 (1.39)

Accepted by PCP (median,
IQR)

1.00 (1.00–3.00) 0.00 (0.00–0.00) 2.00 (1.00–3.00)

Accepted by PCP (N, %)
0 recommendations 10 (16.95) 10 (100.00) 0 (0.00)
1 recommendation 22 (37.29) 0 (0.00) 22 (44.90)
2 recommendations 10 (16.95) 0 (0.00) 10 (20.41)
3 recommendations 9 (15.25) 0 (0.00) 9 (18.37)
≥ 4 recommendations 8 (13.56) 0 (0.00) 8 (16.33)

36 M 36 months, eGFR estimated glomerular filtration rate, IQR interquartile range, PCP primary care provider, SBP systolic blood pressure, SD
standard deviation
*Change in baseline and 36-month systolic blood pressure was calculated for study participants with valid measures (47 total participants, 9
participants with no recommendations accepted by a PCP, and 38 participants with at least 1 recommendation accepted by a PCP)
†Chronic kidney disease, hypertension, and high cholesterol were self-reported by participants. Participants responded to questions regarding ever
being told by a doctor or other health professional that they had these conditions
‡Cardiovascular disease included electronic medical record history of at least one myocardial infarction, congestive heart failure, or stroke
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clinical needs and provide actionable suggestions for PCPs. In
an era where primary care is stretched thin, this two-pronged
approach of engaging pharmacists and using telephone-based
interventions may facilitate the reduction of unnecessary in-
person primary care visits while simultaneously helping PCPs
focus their energy on complex cases, such as patients
experiencing uncontrolled comorbidities or medication
intolerance.
Additionally, we noted that the number of pharmacist

recommendations was marginally correlated with PCP ac-
ceptance. This suggests that there may be a saturation point
at which recommendations become diluted and no longer
actionable. Future research is needed to identify this thresh-
old, noting that there could be different thresholds for dif-
ferent conditions and at different points along the treatment
trajectory. Finding this Bsweet spot^ has the potential to not
only reduce clinical inertia, but also maximize the impact of
pharmacist-directed care. The quality of pharmacists’

recommendations was likely a critical component of wheth-
er physicians accepted recommendations; however, a for-
mal assessment of quality was not part of this study. There
were instances when a pharmacist made the same recom-
mendation for a participant over time and it was accepted
the second time, suggesting that elements of recommenda-
tion quality, repetition, approval, and other factors could be
in play. In addition, the impact of pharmacists’ recommen-
dations on blood pressure control was potentially limited
because PCP approval was required; pharmacists were not
directly able to implement their own suggestions. Finally,
pharmacists had access to patients’ home-monitored blood
pressure values, but PCPs did not necessarily have the
ability to view this data on which pharmacist recommenda-
tions were based.
We also observed a significant decline in SBP at 36 months,

but found no evidence that this reduction was associated with
pharmacist recommendations in our limited sample. Ongoing
debate surrounding SBP targets2 (and the observational stud-
ies on which some guidelines are based)6 may have prevented
PCPs from accepting treatment recommendations, especially
for patients with high baseline blood pressure. Clinical evi-
dence has demonstrated that intensive blood pressure control
is not associated with a reduced risk of kidney failure and, in
some cases, may increase the risk of impaired kidney function,
congestive heart failure events, and all-cause mortality.2,3,6

Even in cases where PCPs accepted pharmacist recommenda-
tions, patient factors may have influenced SBP at 36 months.
Patients with high baseline blood pressure may have experi-
enced common barriers to medication adherence (e.g., cost of
and inability to pay for medication)21 that may have led to
uncontrolled SBP at follow-up. Of note, the pathophysiology
of hypertension in DKD is complex, primarily due to the
negative influence of kidney dysfunction on blood pressure
control. This makes hypertension in DKD distinct from essen-
tial hypertension alone. As such, primary therapies for hyper-
tension in DKD typically involve prioritization of renin-
angiotensin-aldosterone system (RAAS) inhibition and albu-
minuria reduction. Similarly, blood pressure targets in patients
with DKD are lower than for those without diabetes to mini-
mize the synergistic influence of hypertension, diabetes, and
kidney disease.22

Our study had several limitations, chiefly a small sample
size and inability to adjust for potential confounders, which
limit the interpretation and generalizability of our findings.
Future studies would ideally include a larger number of phar-
macists providing recommendations and subsequent recom-
mendations, which could enable a robust evaluation of the
quality of recommendations. Due to a small sample, models
were not adjusted for potential measured confounders (e.g.,
age, sex, comorbidities, change in underlying A1c control,
and/or diabetes progression). In addition, there were several
possible confounders that we were unable to assess, including
a PCP effect, whereby individual providers or providers with
certain characteristics may be more or less likely to accept

Table 3 Associations Between Pharmacist Recommendations,
Provider Acceptance, and Systolic Blood Pressure

Variables Estimate
(95% CI)*

p value

GLMM
Number of recommendations 1.09 (1.00, 1.42) 0.0496

LR model 1
Number of recommendations − 0.21 (− 3.72, 3.30) 0.9073
Number of accepted

recommendations
− 2.43 (− 7.77, 2.90) 0.3759

Baseline SBP 0.45 (0.03, 0.88) 0.0439
LR model 2
Percent of accepted

recommendations
2.36 (− 12.93, 17.63) 0.7640

Baseline SBP 0.45 (0.02, 0.89) 0.0477

CI confidence interval, GLMM generalized linear mixed model, LR
linear regression, SBP systolic blood pressure
*GLMM reports odds ratios and LR models report parameter estimates

STOP-DKD 

participants (n=281)

Pharmacist made a 

recommendation to 

the primary care 

provider (n=59)

Valid baseline and 

36-month systolic 

blood pressure 

measurements (n=47)

Randomized to control 

group

(n=143)

Missing blood pressure 

measurements

(n=12)

Figure 1 STOP-DKD participant flow.
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pharmacists’ recommendations. Similarly, there could be a
pharmacist effect where different pharmacists might have
different patterns of recommendations (e.g., number or content
of recommendations) that could impact a provider’s likelihood
of acceptance. It is worth noting that medication adherence is
influenced by multiple factors at the patient, provider, and
healthcare system levels, and there is a complex interaction
between these factors. For example, a patient’s beliefs about
medications can be influenced by a provider’s communication
style, which in turn might be impacted by a healthcare sys-
tem’s focus on medication adherence-related quality mea-
sures. Lastly, there could be a recommendation effect. For
example, simpler, less intense recommendations (e.g., reduc-
ing a dose, removing a medication) might be perceived as
easier or safer to implement. These are all potential avenues
for future research.
Despite these limitations, our analysis has several important

clinical implications. First, team-based care is an important
model with potential to improve blood pressure control among
patients with complex chronic conditions like DKD. Second,
our work demonstrates that pharmacists can provide action-
able medication-related recommendations and that PCPs are
generally accepting of such recommendations. This approach
could be used to complement comprehensive management
programs, which are increasingly viewed as a best practice
for managingmultiple chronic conditions.23–26 Finally, includ-
ing telephone-based care provided by pharmacists may have
important implications for potentially reducing primary care
visits and ensuring the best possible care in between traditional
office visits.
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