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ARTICLE INFO ABSTRACT

Keywords: Background: Even well-designed, theoretically driven clinical trials can fall short of achieving the desired clini-
Clinical trials as a topic cal outcomes. Our research team had an opportunity to conduct two randomized controlled trials that were
Pharmacists

enrolling patients in parallel. While both studies were targeting chronic disease management among patients
with multiple comorbid conditions, the patient population and settings varied. The studies were the Cardiovas-
cular Intervention Improvement Telemedicine Study (CITIES) and Simultaneous Risk Factor Control Using
Telehealth to slow Progression of Diabetic Kidney Disease (STOP-DKD) studies. Both studies had null findings.
Objectives: Our goal is to discuss common design considerations across CITIES and STOP-DKD and potential
implications for the design of future randomized controlled trials.

Methods: These were two 1:1 randomized controlled trials with attention control groups that recruited patients
from various clinical practices in the Research Triangle area of North Carolina.

Conclusions: We make three recommendations for future studies. First, we assert that it is important to allow
for piloting the enrollment process to ensure that it is possible to identify and recruit a patient population that
is well aligned with the clinical outcomes of the intervention. Second, analysis plans should be more targeted
in their approach and should consider heterogeneity of treatment effects. Third, in order to support the transi-
tion of evidence generated from randomized controlled trials into clinical practice, it is important to consider
even early stage randomized controlled trials through an implementation science lens.

Trial registration: Simultaneous Risk Factor Control Using Telehealth to slow Progression of Diabetic Kidney
Disease (STOP-DKD) NCT01829256; Cardiovascular Intervention Improvement Telemedicine Study NC-
T01142908.

Medication adherence
Research design
Cardiovascular disease

1. Introduction

There are known disruptions in the research pipeline. Approxi-
mately half of research has avoidable research design flaws, is unus-
able, incompletely reported or both, and/or research is never pub-
lished [1,2]. Regarding the suboptimal reporting of research findings,
investigators may not submit studies for publication when the results
are inconsistent with their hypotheses [3]. Additionally, journals may
be biased in their interest in publishing null trials because of a per-
ceived lower societal attention attributed to studies with null results
[4]. While a recent study demonstrated no difference in the post-

publication metrics of randomized controlled trials depending on the
direction of their findings [5], publication bias for null studies re-
mains a problem in scientific reporting. Even when null studies are
published, they are often viewed in isolation and not referenced or
discussed in consideration of the full body of research in a given area.
We assert that another form of research waste is not taking time to re-
flect on lessons learned. It is important for the research community to
reflect on null studies, consider commonalities and implications for
future research.

Even well-designed, theoretically driven clinical trials can fall
short of achieving the desired clinical outcomes. Considering and

* Corresponding author. Center of Innovation to Accelerate Discovery and Practice Transformation, Durham VA Health System and Department of Population
Health Sciences, Duke University, 411 W. Chapel Hill Street, Suite 600, Durham, NC, 27701, USA.

E-mail address: hayden.bosworth@duke.edu (H.B. Bosworth).

https://doi.org/10.1016/j.conctc.2020.100612

Received 5 February 2020; Received in revised form 23 June 2020; Accepted 5 July 2020

Available online 8 July 2020

2451-8654/© 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://www.sciencedirect.com/science/journal/24518654
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
mailto:hayden.bosworth@duke.edu
https://doi.org/10.1016/j.conctc.2020.100612
https://doi.org/10.1016/j.conctc.2020.100612
https://doi.org/10.1016/j.conctc.2020.100612
http://crossmark.crossref.org/dialog/?doi=10.1016/j.conctc.2020.100612&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

L.L. Zullig et al.

learning from these experiences can be helpful to the research enter-
prise as a whole. Our research team had an opportunity to conduct
two randomized controlled trials that were enrolling patients in paral-
lel (Table 1). While both studies were targeting chronic disease man-
agement among patients with multiple comorbid conditions, the pa-
tient population and settings varied. The studies were the Cardiovas-
cular Intervention Improvement Telemedicine Study (CITIES, NC-
T01142908) [6-9] and Simultaneous Risk Factor Control Using Tele-
health to slow Progression of Diabetic Kidney Disease (STOP-DKD,
NCT01829256) studies [10-12]. CITIES focused on a patient popula-
tion with cardiovascular disease risk factors including hypertension,
dyslipidemia, or type II diabetes mellitus. Patients enrolled in the
CITIES study received theoretically driven chronic disease manage-
ment support, including blood pressure self-monitoring and medica-
tion management, provided over the telephone by a clinical pharma-
cist over the course of 12 months. The second randomized controlled
trials, STOP-DKD, intended to focus on a population of patients with
diabetic kidney disease. While the specific content of the intervention
was varied, patients enrolled in STOP-DKD also received theoretically
driven chronic disease management support, including blood pressure
self-monitoring and medication management, provided over the tele-
phone by a clinical pharmacist over the course of 36 months. Our goal
in this paper is to discuss common design considerations across the
two studies and potential implications for the design of future ran-
domized controlled trials. Engaging both project managers and inves-
tigators, we arrived at these lessons learned based on a debriefing ses-
sion among project leadership teams (see Table 2).

2. Methods/design

Key Similarities and Differences in the Studies. The CITIES and
STOP-DKD studies had several key similarities and differences. Key
similarities included their focus on complex patients with multiple co-
morbid conditions and use of electronic health record data to identify
these patients. While the patient populations and enrollment criteria,
and electronic health records were different, both studies began pa-
tient identification by obtaining an initial sample of patients from the
electronic health record based on inclusion/exclusion criteria. Then
within each study, research staff queried the electronic health record
for patients meeting clinical criteria. These criteria included diagnoses
(e.g., hypertension diagnosis), and well as whether clinical measures
of these conditions were in control (e.g., recent blood pressure in ex-
cess of 140/90 mm Hg in a recent outpatient office visit). While the
specific staff were different, both studies relied on doctoral-level clini-
cal pharmacists (i.e., PharmDs) as interventionists and in both studies
these pharmacists delivered scripted content to study participants
over the phone. In the event that there was staff turnover, both stud-
ies ultimately had two pharmacist interventionists. Another similarity
was that both interventions addressed medication management and
adherence, although they did so in slightly different ways. Specifi-
cally, in CITIES the pharmacists could make medication dose changes,
or add or remove medications in real time while communicating with
a patient. In STOP-DKD, the pharmacists did not make changes in real
time. Instead, they worked directly with the primary care providers

Table 1
Overview of study characteristics.
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for medication changes. Content that was delivered focused heavily
on diabetes, hypertension, and diabetic kidney disease education.
Each call also included medication management, addressed side-
effects, and the collection of home blood pressure values which
guided potential medication changes as needed.

Key differences in the study design included differences in the pa-
tient population, the recruitment setting, the scope of practice of the
clinical pharmacists, and differences in the primary endpoint. CITIES
focused on those with any cardiovascular risk factor (hypertension,
dyslipidemia, or type II diabetes mellitus) and STOP-DKD focused on
patients who had already been diagnosed with diabetic kidney disease
or who were at risk of developing diabetic kidney disease. While the
two studies recruited patients from the same community in North Car-
olina, CITIES recruited patients from primary care clinics affiliated
with a Veterans Health Administration (VA) medical center, whereas
STOP-DKD enrolled patients receiving care at a neighboring private
academic medical center. Reflective of these two health care systems,
the demographic characteristics of study participants was different.
The CITIES study sample was predominately white (47%), partnered
(57%), men (85%) with a median age of 62 years at diagnosis. The
STOP-DKD study sample was predominately African American (55%),
partnered (59%), male (52%) with a median age of 63 years at enroll-
ment.

The specific activities of the clinical pharmacists varied between
the studies. Clinical pharmacists practicing in the VA fall under fed-
eral policies and, compared with many states, have an expanded
scope of practice. As a result, clinical pharmacists in the CITIES study
were directly able to make prescribing and medication dosing changes
in real time during telephone interactions with patients. In contrast in
the STOP-DKD study, pharmacists could make written recommenda-
tions about medication changes to a patient's treating clinical
providers. A clinical provider could review the pharmacist's recom-
mendations in the electronic health record and then choose whether
or not to follow the pharmacist's recommendation to make a medica-
tion change.

Another difference with the primary outcome measures was that
CITIES evaluated Framingham cardiovascular disease risk as its pri-
mary endpoint [6,13]. The primary outcome of STOP DKD was
change in estimated glomerular filtration rate. This is an important
distinction as the data points that comprise these outcome measures is
different. However, both outcomes for both studies relied on changes
in systolic blood pressure.

Common Challenges. An important note about these studies is
that while their design could be improved in hindsight, neither suf-
fered from common design flaws. Both studies were adequately pow-
ered and hit patient recruitment targets. Both studies were random-
ized, single-blinded, and had robust control groups. Both studies had
a strong theoretical underpinning, scripted intervention text, and fi-
delity monitoring. However, both study designs could have been im-
proved. The research teams for both projects consider the projects to
have been too intensive, particularly STOP-DKD which relied on
monthly phone calls over 36 months. This intensity resulted in patient
fatigue and some frustration (e.g., complaints of redundancy in con-

Basic Study Patient Intervention Intervention Setting
Design Population Delivery Content
CITIES Two-arm RCT  Adults with hypertension, 12 monthly telephone  Topics in chronic disease self- management; medication ~Primary care clinics affiliated
of intervention  dyslipidemia, and/or type II calls delivered by a management provided by research pharmacists with a VA medical center in
vs. usual care diabetes mellitus (n = 428) clinical pharmacist North
Carolina
STOP-DKD Two-arm RCT  Adults with diabetic kidney 36 monthly telephone  Topics in chronic disease self- management; Primary care clinics affiliated

of intervention  disease (n = 281) calls delivered by a

vs. usual care clinical pharmacist

recommendations for medication management provided with an academic medical

by research pharmacists totreating providers center in NorthCarolina
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Table 2
Key lessons learned.

1. It is important to allow for piloting the enrollment process to ensure that it is
possible to identify and recruit a patient population that is well aligned with the
clinical outcomes of the intervention.

2. Analysis plans should be more targeted in their approach and should consider
heterogeneity of treatment effects.

3. In order to support the transition of evidence generated from RCTs into clinical
practice, it is important to consider even early stage RCTs through an
implementation science lens.

tent, etc.). It is also not an intervention that would be practical for
many health care systems to implement.

The common problems experienced in CITIES and STOP-DKD re-
quire a deeper consideration. There were three common problems: 1)
challenges identifying the target patient population; 2) differences in
clinical pharmacists’ practice patterns; and 3) changes in the “usual
care arm” for medication reconciliation programs. While these three
problems were anticipated before the trials began, as the studies were
executed it became apparent that the ramifications were more signifi-
cant than was expected.

Both CITIES and STOP-DKD had difficulty finding the “right” pa-
tients. By “right” patients, we mean patients who not only met techni-
cal eligibility criteria for the study, but also were in a position to ben-
efit from the intervention. As previously discussed, both studies
screened the electronic health record to identify patients with specific
diagnoses whose recent clinical values were out of control. Once en-
rolled, clinical values were subsequently collected by trained research
staff using a standardized protocol. Blood pressure is one example
that was collected across both studies. Blood pressure was measured
based on Joint National Committee guidelines including having re-
search staff taking multiple blood pressure measurements in a quiet
space and 5 min of rest [14]. Research staff would measure a partici-
pant's arm and use an appropriately sized blood pressure cuff and en-
sure that the participant sat with his or her feet flat and shoulder
width apart. The cuff was also applied to bare skin (as opposed to
over a shirt sleeve). The blood pressure monitors were frequently cali-
brated and assessments were conducted three times per session to ob-
tain an accurate value. This is in stark contrast to the way that blood
pressure is typically assessed in a clinical setting. In most clinical set-
tings, blood pressure assessments are conducted in a less structured
way. Consider a patient who has struggled to find a parking place in a
large medical center, then rushed into their clinic appointment. Clinic
staff, equally burdened by scheduling challenges, may quickly take a
patient's blood pressure over their shirt while the patient is sitting on
a tall exam chair, and while asking them about medication changes
and symptoms in tandem.

Perhaps as a result of this scenario, in both the CITIES and STOP-
DKD studies, the study-measured blood pressure assessments were
considerably lower than the clinic-measured blood pressure values.
Specifically, the overall averaged baseline blood pressure at the time
of enrollment was 130/76 mmHg and 134/76 mmHg for CITIES and
STOP-DKD, respectively. In short, the enrolled participants had much
better disease control than expected based on values obtained from
the respective electronic health records; thus, the studies’ target popu-
lations were not precisely what was intended. This made it more chal-
lenging for the interventions to move the needle on disease control
and show a clinically meaningful improvement.

Another common challenge across the two studies was differences
in practice patterns of the clinical pharmacist interventionists. Clinical
pharmacists are highly trained and skilled practitioners with individ-
ual approaches to disease management and communication. In gen-
eral, practice guidelines for pharmacists varied by clinical setting, but
also by clinical context many physicians were not familiar or comfort-
able with working with a pharmacist. One indicator of this was that
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physicians did not respond to a significant amount of the pharmacists'
recommendations [11].

Both studies were 1:1 randomized controlled trials with a usual
care plus education control arm. While the studies were conducted in
different health care systems, there was a improvements in usual care.
In the context of the CITIES study, the VA medical center, where pa-
tients were recruited, rolled out a medication reconciliation program.
Much like the intervention content, this program involved interaction
with a clinical pharmacist over the telephone focused on consolidat-
ing a patient's medication and synchronizing medication refills. This
rollout occurred during patient recruitment and was available to par-
ticipants in both the intervention and control arms.

Because the medication reconciliation program was part of usual
care, it was difficult to determine which participants had participated
in the program. Similarly, in STOP-DKD, there was an increasing use
of additive programs providing overlapping material to both those in
the intervention and control group. This type of contamination was
unavoidable and often reflects what may increasingly occur in health-
care systems. A potential unintended consequence of this cross conta-
mination is increasing burden on patients given the potential of over-
whelming patients with duplicative communications. It will be in-
creasingly important to align and integrate external programs with
those that are occurring in the health care system.

3. Discussion

These two randomized controlled trials, CITIES and STOP-DKD,
represented a significant investment in terms of research dollars, ef-
fort, and time. The studies occurred in real world clinics, which is
critical for impacting the delivery of patient care and patient out-
comes. However, it also comes with challenges. Based on our experi-
ences with CITIES and STOP-DKD, we provide three specific recom-
mendations for future cardiovascular disease self-management related
randomized controlled trials.

First, we assert that it is important to allow for piloting the enroll-
ment process to ensure that it is possible to identify and recruit a pa-
tient population that is well aligned with the clinical outcomes of the
intervention. This process could involve conducting a research assess-
ment to confirm clinical values (e.g., blood pressure measurements,
etc.) prior to randomization. If, on average, the patient population is
found to be in better control of their chronic conditions than ex-
pected, the trial design could allow for changes in the dose of the in-
tervention to better use clinical resources. There is no need for a high-
intensity, pharmacist-delivered intervention if patients are doing well
and/or could be managed by a more economical skilled health profes-
sional such as a nurse.

Second, analysis plans should be more targeted in their approach
and should consider heterogeneity of treatment effects. We know that
there is no universally accepted approach to support all patients in
achieving disease control outcomes. Statistical analyses should be
planned to extend beyond simply addressing the research question of
whether the intervention worked. Instead, we should ask for which
specific sub-populations did the intervention work (e.g., people with
certain demographic and/or clinical characteristics). This may require
a different approach to sample size calculation and recruitment.

Third, in order to support the transition of evidence generated
from randomized controlled trials into clinical practice, it is important
to consider even early stage randomized controlled trials through an
implementation science lens. By this we mean that using methods to
understand the clinical context, including changes that occur in the
context over the life course of the randomized controlled trial, is im-
portant. Randomized controlled trials may be more effective when a
member of the research team, ideally the interventionist, is integrated
into the health care system or clinic. Even when this is not possible, it
is important to consider and articulate the core components of the in-
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tervention during the randomized controlled trial. If the trial is effec-
tive, this will inform a future understanding of where fidelity is im-
portant and what can be adapted to fit local context.
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