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ARTICLE INFO ABSTRACT

Keywords: Background: Persistent poorly-controlled type 2 diabetes mellitus (PPDM), or maintenance of a hemoglobin Alc
Health services research (HbAlc) =8.5% despite receiving clinic-based diabetes care, contributes disproportionately to the national
Poorly controlled diabetes diabetes burden. Comprehensive telehealth interventions may help ameliorate PPDM, but existing approaches

Telehealth intervention

! ' have rarely been designed with clinical implementation in mind, limiting use in routine practice. We describe a
Comparative effectiveness

study testing a novel telehealth intervention that comprehensively targets clinic-refractory PPDM, and was
explicitly developed for practical delivery using existing Veterans Health Administration (VHA) clinical infra-
structure.

Methods: Practical Telehealth to Improve Control and Engagement for Patients with Clinic-Refractory Diabetes
Mellitus (PRACTICE-DM) is an ongoing randomized controlled trial comparing two 12-month interventions: 1)
standard VHA Home Telehealth (HT) telemonitoring/care coordination; or 2) the PRACTICE-DM intervention, a
comprehensive HT-delivered intervention combining telemonitoring, self-management support, diet/activity
support, medication management, and depression management. The primary outcome is HbAlc. Secondary
outcomes include diabetes distress, self-care, self-efficacy, weight, depressive symptoms, implementation bar-
riers/facilitators, and costs. We hypothesize that the PRACTICE-DM intervention will reduce HbAlc by > 0.6%
versus standard HT over 12 months.

Results: Enrollment for this ongoing trial concluded in January 2020; 200 patients were randomized (99 to
standard HT and 101 to the PRACTICE-DM intervention). The cohort has a mean age of 58 and is 23% female
and 72% African American. Mean baseline HbAlc and BMI were 10.2% and 34.8 kg/m?.

Conclusions: Because it comprehensively targets factors underlying PPDM using existing clinical infrastructure,
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the PRACTICE-DM intervention may be well suited to lower the complications and costs of PPDM in routine

practice.

1. Introduction

Type 2 diabetes affects nearly 30 million people in the US [1].
Diabetes is a major cardiovascular risk factor, and is the leading cause
of blindness, kidney failure, and non-traumatic lower-limb amputations
[2]. Patients with persistent poorly-controlled diabetes mellitus
(PPDM), defined as maintenance of an HbAlc =8.5 for > 1 year de-
spite receiving clinic-based diabetes care, comprise 10-15% of all pa-
tients with type 2 diabetes in both Veteran and non-Veteran popula-
tions [3,4]. Since the complications and costs of diabetes rise
exponentially as hemoglobin Alc (HbAlc) increases [5-71, clinic-re-
fractory individuals with PPDM are likely to be the highest-risk,
highest-cost diabetes patients within any healthcare system, making
them a compelling population to target for care delivery redesign.

PPDM poses a clinical challenge because factors underlying poor dia-
betes control, including unreliable/unavailable blood glucose data, medi-
cation nonadherence, suboptimal diet, inadequate physical activity, com-
plex treatment regimens, and comorbid depression [4,8-16], are difficult to
address with the infrequent patient-provider contact typically attainable
with clinic-based care [17,18]. Telehealth, which utilizes information
communicated via electronic platforms for medical purposes, may help
counter factors that underlie PPDM [19,20]. Telehealth strategies that
target individual factors underlying PPDM have been shown to reduce
HbAlc by 0.3% to 0.6% compared to clinic-based care. These include tel-
emonitoring (0.48%) [11,21,22], self-management support (0.44%)
[14,23], diet/activity support (0.6%) [8,24], medication management
(0.51%) [16,25], and depression support (0.33%) [9,26]. While combining
these strategies may enhance HbAlc reduction, studies across healthcare
settings and patient populations have achieved variable results [27-34].
Additionally, none has specifically targeted the PPDM population in a
manner amenable to scaling. Frequently cited barriers to implementation of
telehealth interventions broadly include a lack of trained clinical staffing/
infrastructure for delivery, insufficient integration of telehealth data into the
electronic health record (EHR), and limited reimbursement options
[35-38]. In order to address PPDM, there is a need for an intensive, diabetes
telehealth intervention that is appropriate for practical delivery.

The Veterans Health Administration (VHA) currently uses tele-
monitoring and care coordination as part of its Home Telehealth (HT)
program, though without integration of additional strategies that target
other factors associated with underlying PPDM. VHA's HT program
provides an optimal context to evaluate a comprehensive telehealth
strategy for PPDM that is amenable to practical translation.

In order to address current gaps in the practical use of comprehensive
telehealth for patients with clinic-refractory type 2 diabetes, we are con-
ducting a randomized, controlled trial (RCT) called Practical Telehealth to
Improve Control and Engagement for Patients with Clinic-Refractory
Diabetes Mellitus (PRACTICE-DM). This ongoing study examines the ef-
fectiveness of a comprehensive telehealth intervention for patients with
PPDM that combines telemonitoring, self-management support, diet/ac-
tivity support, medication management, and depression support — 5 evi-
dence-based approaches that target key factors underlying PPDM. The
present manuscript details the protocol for PRACTICE-DM, along with
baseline population data and lessons learned based on our progress to date.

2. Methods

2.1. Study design

The PRACTICE-DM study (ClinicalTrials.gov NCT03520413) is an
ongoing two-site RCT designed to evaluate practical use of a

comprehensive telehealth intervention for clinic-refractory patients
with PPDM. The study is also exploring intervention acceptability,
mechanisms of effect, and intervention and health care costs. By defi-
nition, patients with PPDM have proven themselves refractory to clinic-
based usual care, so we designed PRACTICE-DM as an active com-
parator trial with randomization to one of two 12-month interventions:
1) standard VHA Home Telehealth (HT) care coordination and tele-
monitoring; or 2) the PRACTICE-DM intervention, a comprehensive
telehealth intervention that incorporates telemonitoring, self-manage-
ment support, diet/activity support, medication management (provided
in conjunction with a study medication manager), and depression
support (provided in conjunction with a study psychiatrist). Both in-
terventions are delivered via existing VHA HT workforce and infra-
structure.

Of note, because they receive detail about both study interventions
during the consent process, patients are not blinded to their assigned
intervention. Research assistants (RAs) participating in study outcome
assessment remain blinded to patients' intervention status. The roles
and responsibilities for all study staff are outlined in Appendix A.

This study is approved by the Institutional Review Boards at the
Durham, North Carolina and Richmond, Virginia VA Medical Centers
(VAMCs).

2.2. Study population

Although this study is ongoing, the full study population has been
enrolled. Patients were recruited from the Durham and Richmond
VAMC catchment areas, which include associated Health Care Centers
and geographically distinct Community-Based Outpatient Clinics. Study
inclusion criteria include clinic-refractory PPDM, defined as: a diag-
nosis of type 2 diabetes (based on ICD-10 E11); at least two HbAlc
values =8.5% during the prior year, with no readings < 8.5%; and at
least 1 appointment with a VHA Primary Care Provider (PCP) or
Endocrinologist during this period (as an indicator of ongoing clinic-
based care). Exclusion criteria include: age > 70 years; life ex-
pectancy < 5 years, or other comorbidities that would offset the ben-
efits of HbAlc < 8.5%; inability to communicate by telephone; de-
mentia or psychosis; active alcohol/substance disorder; pregnancy;
prior hypoglycemic seizure/coma; explicit refusal to perform self-
monitored blood glucose (SMBG) to the degree necessary for VHA HT
enrollment (i.e., a “no” response to the question, “Are you willing to
check your blood sugar regularly (up to 4 times per day),” with a
willingness to try being considered affirmative); use of insulin infusion
pumps; hospitalization for stroke, heart attack, or surgery for blocked
arteries in the past 12 months; receipt of kidney dialysis; metastatic
cancer diagnosis; use of a continuous glucose monitor (due to HT
equipment constraints), with refusal to additionally monitor and submit
SMBG; or a primary provider request for the patient not to participate.
In order to counter the known overrepresentation of men in the VHA
population, we oversampled women during recruitment, with an aim to
achieve > 20% women in the enrolled population. Prior use of standard
VHA HT services was not an exclusion criterion.

2.3. Study recruitment

We used a proactive, Institutional Review Board (IRB)-approved
process to identify eligible patients through the VHA electronic health
record (EHR) at both sites. Research staff mailed invitation letters to
eligible patients, which included basic information about the study and
instructions to opt out of further contact if desired. For patients not
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opting out of participation within one week, staff made contact via
telephone to gauge interest in participation, explain the study, and
briefly screen for eligibility. If appropriate, an in-person appointment
for further evaluation of eligibility and possible enrollment was ar-
ranged.

2.4. Study enrollment

At each site, and RA obtained written informed consent at an in-
person appointment. After consent, participants underwent a baseline
assessment including a survey of demographics, clinical history, medi-
cations, and measures of relevant psychosocial constructs; measure-
ment of blood pressure and body mass index; and laboratory HbAlc
testing. Final study eligibility was determined following this assess-
ment; consented patients with a baseline HbAlc < 8.5% were excluded
from the study and not randomized.

2.5. Randomization

Eligible patients were randomized in a 1:1 ratio to the two study
arms using a stratified, blocked randomization with block size of 2.
Randomization strata were study site (Durham or Richmond), pre-en-
rollment use of standard HT services (yes or no), and pre-enrollment
receipt of Endocrinology or Clinical Pharmacy services for diabetes (yes
or no). The randomization sequence was generated by a study statisti-
cian and accessible only to the statistics team. Patients were informed of
their study eligibility and (if eligible) their randomization assignment
within 1 week of the consent visit via a telephone call from the project
coordinator (PC).

2.6. Study interventions

2.6.1. HT-based delivery

At each site, both study interventions are delivered by VHA HT
nurses; in order to minimize bias, a particular HT nurse delivers only
one intervention, with no crossover between interventions. At the
Durham site, one HT nurse was assigned to cover each intervention
arm, while at the Richmond site, two nurses delivered the PRACT-
ICE-DM intervention and five delivered the standard HT intervention.

After randomization, participants in both intervention groups are

Perceived workload
Diabetes distress/burden

1
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enrolled into the VHA HT program (unless already enrolled) using
standard local processes, and all receive standard HT equipment, which
is identical across sites (Medtronic®, Minneapolis, MN). PRACTICE-DM
research staff involved with enrollment, randomization, and outcome
assessment do not participate in intervention delivery. Of note, all pa-
tients in both study groups continue to receive general care from PCPs
and other VHA providers throughout the study period. At study com-
pletion, all participants may continue to receive standard HT services
per local guidelines, and return to diabetes care exclusively with their
primary providers.

2.6.2. Standard HT group

Patients randomized to the standard HT group receive HT tele-
monitoring and care coordination services; because these services are
part of routine practice for VHA HT nurses, no specific training is re-
quired for HT nurses delivering this intervention. Participants are asked
to transmit SMBG data daily using their HT-issued equipment. All HT
patients use a connector cable that links the standard blood glucose
meter (FreeStyle Freedom Lite, Abbott Diabetes Care Inc., Alameda,
CA) and HT device, allowing automatic uploading of data from the
meter. Failure to submit data for 3 days triggers a call from HT, fol-
lowed by a letter after 7 days. After 30 days without a patient response
or data transmission, the patient is discharged from HT (but study
outcome data is still collected). In addition to telemonitoring, partici-
pants in this group receive HT care coordination, including pre-ap-
pointment compilation of SMBG data for review by providers and
communication for alarm values or other acute issues as needed be-
tween appointments. Diabetes management (including selection of
HbA1lc goals) is otherwise at the discretion of the patient's PCP and any
other diabetes providers.

2.6.3. PRACTICE-DM intervention group

2.6.3.1. PRACTICE-DM intervention  design. The = PRACTICE-DM
intervention design was guided by our pilot work and informed by a
theoretical framework based on the Cumulative Complexity Model
(CCM) [39-44] (Fig. 1). Per this model, a balance between patients'
workload of demands and capacity to address demands determines
intervention engagement and subsequent outcomes. Engagement
enhances patient capacity through development of knowledge and
self-efficacy, and reduces patients' perceived workload through

‘~~‘~~
(DDS EB/RD)? e

PRACTICE-DM engagement

Blood glucose data points transmitted
Intervention encounters completed
Self-care (DSMQ)?

Self-care adherence (SCI-R, VMNQ)

Clinical outcomes
Diabetes control (HbAlc)
] Weight (BMI)?
Depressive symptoms (PHQ-8)?
Adverse events (hypoglycemia)

|

Patient capacity

Knowledge (DKQ)

Notes: 8Secondary outcomes.

o
-
-
-

Self-efficacy/capacity (PCS)* [~~~

DDS EB/RD = Diabetes Distress Scale Emotional Burden/Regimen Distress subscales; DSMQ =
Diabetes Self-Management Questionnaire; SCI-R = Self-Care Inventory — Revised; VMNQ =
Voils Medication Nonadherence Measure; PCS = Perceived Competence Scale; DKQ = Diabetes
Knowledge Questionnaire; HbAlc = hemoglobin Alc; BMI = body mass index; PHQ-8 =

Personal Health Questionnaire 8

Fig. 1. PRACTICE-DM intervention theoretical framework.
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support from intervention staff. These improvements in patient capacity
and perceived workload ultimately sustain further intervention
engagement, with additional constructive effects on capacity and
workload, and subsequently on clinical outcomes.

2.6.3.2. PRACTICE-DM intervention overview. The PRACTICE-DM
intervention comprises telemonitoring, self-management support,
diet/activity support, medication management (provided in
conjunction with a study medication manager), and depression
support (provided in conjunction with a study psychiatrist). HT
delivers the five intervention components during scheduled telephone
encounters (Fig. 2) according to a pre-determined encounter schedule
(Appendix B). The standard encounter frequency is every two weeks,
but may be extended to every four weeks for participants achieving
their goal HbAlc. At the beginning of the study, HT nurses delivering
the PRACTICE-DM intervention completed a single training session led
by the study principal investigator (PI), and received a hardcopy
intervention manual containing study materials and procedures.
During the training session, the intervention components and
encounter schedule were reviewed, the HT nurses received instruction
on interaction and communication with the other providers involved
with intervention delivery (i.e., the study dietitian, medication
managers, and study psychiatrist), and use of the online intervention
tracking software (i.e., for attempted/completed phone calls, modules
delivered, medication changes) was demonstrated.

Per American Diabetes Association (ADA) and VHA guidelines [45,46],
patients' HbAlc goals are individualized based on age, comorbidities, and
hypoglycemia risk (as should be the case in the standard HT group); most
participants target between < 7.0% and < 8.0%.

2.6.3.3. Intervention components.

Telemonitoring.

As in the standard HT group, participants receive daily prompts to
transmit data using their HT-issued equipment. Failure to submit data for
3 days triggers a call from HT, followed by a letter at 7 days. Per ADA
guidelines, participants are asked to collect SMBG between one and four
times daily, based on their medication regimens [46]; however, patients
on stable medication doses and at goal HbAlc may monitor less fre-
quently at the discretion of the HT nurse and study medication manager.
For each 2-week telephone encounter, HT reviews SMBG data with the
participant, reconciles medications, and assesses self-reported medica-
tion adherence. Following each encounter, HT compiles this information
in a report documented in the EHR (Appendix C).

Self-management support.

The self-management support component uses a module-based ap-
proach appropriate for delivery by HT nurses according to an inter-
vention encounter schedule (Appendix B). The 16 unique modules in-
corporate patient-centric strategies like tailoring and goal setting to
cover topics such as use of SMBG, hypoglycemia self-management, and
self-managing insulin. For encounters during which a module is
scheduled, the HT nurse delivers the module content using a script
(Appendix D). The strategies and content for these modules have been
adapted from our team's work across multiple prior trials
[33,34,47,48]. Overall, this component builds patients' self-manage-
ment capacity by focusing on knowledge and self-efficacy, two key
determinants of diabetes control [49].

Diet and activity support.

Following the second study encounter, the study dietitian contacts
PRACTICE-DM patients by phone to deliver diet and activity support.
All patients receive nutrition information and an individualized diet
plan. For patients with BMI = 25, this content is specifically designed
to target > 5% weight loss by targeting a 500-750 cal/day deficit as per
ADA guidelines [8]. All PRACTICE-DM patients are also encouraged to
maintain =150 min of moderate-to-vigorous intensity physical activity
per week in accordance with ADA guidelines [50]. HT documents each
patient's individualized diet plan, activity recommendations, and
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weight loss goals, if applicable, in every intervention encounter note
(Appendix C). During every study encounter, HT reviews these goals,
follows up on progress with regard to diet and physical activity, and
records self-reported weight data. This contact frequency is consistent
with ADA recommendations for diet and activity interventions. For
patients who are not progressing toward their weight loss goal at the 3-,
6-, and 9-month outcome visits, additional phone follow-up may be
arranged with the study dietitian.

Medication management.

The medication management component has two key features as-
sociated with high impact; it facilitates frequent contact between pa-
tients and study staff, and allows modification of diabetes medications
without requiring input from primary providers [25]. After each in-
tervention encounter, HT generates an EHR report summarizing parti-
cipants' SMBG data, reconciled medications, self-reported medication
adherence, and the self-management and diet/activity content deliv-
ered during the encounter (Appendix C). This report is relayed via the
EHR to a study medication manager. Each site has two to three PRA-
CTICE-DM intervention medication managers, all of whom are experi-
enced diabetes providers; the study's group of medication managers
includes Clinical Pharmacy Specialists (PharmD), Nurse Practitioners
(NP), and physicians. An effort is made to maintain continuity with the
same medication manager for a given patient. After receiving the en-
counter report from the HT nurse, the medication manager considers
treatment changes with guidance from a medication protocol (Ap-
pendix E). The medication protocol targets fasting blood glucose
90-150 mg/dL and preprandial blood glucose 140-180 mg/dL; these
liberal goals may be further tailored to accommodate individualized
HbAlc goals or hypoglycemia. The medication manager notifies HT of
any recommendations via addendum to the EHR report (Appendix C),
and HT contacts the patient by phone to implement the changes. All HT
encounter notes are documented in the EHR, including medication
changes, and non-study primary care providers or endocrinologists are
alerted to notes and changes via the EHR.

Depression management.

All study participants receive baseline screening for depression with
the Personal Health Questionnaire-8 (PHQ-8) [51]. For those with PHQ-
8 < 10, including those with previously diagnosed depression, the
depression protocol is not activated; these patients continue to receive
PHQ-8 screening every 12 weeks [51]. Patients with PHQ-8 = 10 enter
the depression protocol (Appendix F), which is managed at each site by
a study psychiatrist. Consistent with VA/DOD guidelines [52], the de-
pression support protocol offers both pharmacologic and non-

4. Medication
management
Report sent to study
clinician via CPRS
after each encounter,
changes
implemented by HT

Phone encounters
(15-30 min, every 2-4 weeks)

1. Telemonitoring
HT reviews SMBG,
medications, and medication
adherence with Veteran

2. Self-management support
HT delivers self-management
module to Veteran

5. Depression
support
HT screens for
depression every 12

weeks, facilitates
study psychiatrist
assessment for
positive screens

3. Diet/activity support
HT supports Veteran’s
individualized diet plan and
activity plan

Report compiled and
documented in EHR (CPRS)

Fig. 2. PRACTICE-DM intervention components.
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pharmacologic options [53,54]. All patients in the depression protocol
receive PHQ-8 follow-up and further treatment changes as warranted
every 8 weeks. Emergency psychiatric services are available to all
throughout the study, and all patients receive the national suicide
hotline number at study onset.

2.6.3.4. Fidelity assessment. In order to assure that the PRACTICE-DM
intervention is delivered per protocol at both sites, HT nurses deliver
each encounter using a shared intervention manual and use an online
study database to track all intervention activities (i.e., attempted/
completed phone calls, modules delivered, medication changes). The
online database is reviewed weekly by the study PC to confirm that all
intervention components due at each encounter were delivered.
Additionally, for each HT nurse delivering the PRACTICE-DM
intervention, several calls are shadowed by the PI and PC to ensure
consistency in intervention delivery; any identified problems are
addressed through additional training. To assure fidelity to the
medication management protocol, the PI and study medication
managers at each site conduct periodic case review meetings in-
person or via real-time conferencing.

2.7. Outcome measures

All study measurements are performed by trained research staff; as
above, RAs involved with outcome assessment are blinded to

Table 1
Summary and timing of data collection and outcome measures.

Contemporary Clinical Trials 98 (2020) 106157

participants' randomization status. Baseline measures include demo-
graphics, clinical history, biomedical data, and measures of theoretical
model constructs (Fig. 1, Table 1). Follow-up assessments and collec-
tion of outcome measures occur at parallel time points in both study
arms (3, 6, 9, and 12 months) (Table 1). At 6 months and 12 months, all
participants are assessed through an in-person study visit. At 3 months
and 9 months, lab-based blood draws for HbAlc assessment are con-
ducted. Participants are compensated a total of $200 for completion of
outcome visits throughout the study, including $50 for each of the three
in-person visits (baseline, 6, and 12 months), and $25 for each of the
two lab-based assessments (3 and 9 months).

2.7.1. Primary outcome
The primary outcome is HbAlc. HbAlc is measured at a VA lab at
baseline and every 3 months through the 12-month visit.

2.7.2. Secondary outcomes

Secondary outcomes include diabetes distress and burden, diabetes
self-care, self-efficacy and capacity, body mass index, and depressive
symptoms.

Diabetes distress and burden are measured using the Emotional
Burden/Regimen Distress subscales of the Diabetes Distress Scale (DDS)
[55,56]. Patient self-care is examined using the Diabetes Self-Manage-
ment Questionnaire (DSMQ), which assesses self-care activities asso-
ciated with glycemic control [57,58]. Further, patient self-efficacy and

Outcome

Method Baseline 3mo 6mo 9mo 12mo

Primary outcome
Diabetes control

Secondary outcomes
Diabetes distress/burden
Diabetes self-care
Self-efficacy/capacity
Weight (BMI)
Depressive symptoms

Process evaluation outcomes
Intervention acceptability
Mechanisms of effect

Cost outcomes
Intervention costs

Additional outcomes
Social and demographic™

Hemoglobin Alc *

DDS EB/RD * * *
DSMQ * * *
PCS * * *
Calibrated digital scale * * *
PHQ-8 * * * * *
Qualitative interview *

Qualitative interview

Age, sex, race, ethnicity, marital status, education, employment, distance from VA, tobacco

use, social support
Clinical:

Years with diabetes, insulin use, diagnosis of hypertension and high cholesterol
Hypoglycemic episodes”
Biomedical:

Height, weight
Number of encounters completed, number of encounters with data transmission
Medication changes made during study

Psychosocial constructs
Self-care adherence
Medication adherence
Diabetes knowledge
Health literacy/numeracy
Pain

Autonomy
Self-determination

Administrative data, tracking staff *

data

Self-reported surveys * * *

Self-reported surveys *

Telemonitoring data * * * * *
* % %

Home Telehealth Encounter Notes

Home Telehealth Encounter Survey * * * *
SCI-R * *
VMNQ « N N
DKQ * * *
NVS

PROMIS Pain Interference * * *
Healthcare Climate Questionnaire * * *

HCCQ Diabetes * *

DDS EB/RD = Diabetes Distress Scale (Emotional Burden/Regimen Distress subscales only); DSMQ = Diabetes Self-Management Questionnaire; PCS = Perceived
Competence Scale; PHQ-8 = Personal Health Questionnaire-8; SCI-R = Self-Care Inventory-Revised; VMNQ = Voils Medication Non-adherence Questionnaire;
DKQ = Diabetes Knowledge Questionnaire; NVS = Newest Vital Signs; PROMIS = Patient Reported Outcomes Measurement Information System;

HCCQ = Healthcare Climate Questionnaire.

2 Only a subset of social and demographic outcomes (marital status, employment, tobacco use, social support) are assessed at 6 and 12 months.
> Assessed as continuous measure using all submitted self-monitoring blood glucose data.
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capacity are examined using the Perceived Competence Scale (PCS),
which assesses feelings or perceptions of competence with respect to a
particular domain such as diabetes [59]. Body weight is examined using
body mass index (BMI) at each outcome visit and depressive symptoms
are evaluated with the Personal Health Questionnaire-8 (PHQ-8) [51].
These secondary outcomes aim to evaluate the theoretical framework
constructs (Fig. 1). In addition, we have included outcomes that will
allow us to assess the individual effect of each component of the
PRACTICE-DM intervention. Specifically, telemonitoring is assessed
with the number of encounters completed and the number of en-
counters with data transmission, self-management with the Self-Care
Inventory-Revised (SCI-R) and Voils Medication Non-adherence Ques-
tionnaire (VMNQ), diet/activity support with BMI, medication man-
agement with the number of medication changes made during the
study, and the depression protocol with the PHQ-8.

2.7.3. Process evaluation outcomes

Acceptability and mechanisms of effect will be evaluated through a
mixed-method process evaluation. Using a qualitative approach, phone-
based, semi-structured interviews are being conducted with 20 inter-
vention arm subjects, 10 from each site, following the 12-month study
visits. Subjects will be selected using purposive sampling, with em-
phasis on specific factors such as representation of both study sites and
different degrees of engagement. Additional interviews may be con-
ducted as needed to achieve thematic saturation. Qualitative interview
guide questions probe patients' explanatory models of diabetes, general
perception of what did and did not work well with the PRACTICE-DM
intervention, and impressions of the 5 intervention components
(Appendix G). Further, phone-based, semi-structured qualitative inter-
views will be conducted with the HT nurses participating in delivery of
the PRACTICE-DM intervention, as well as with administrators at each
site (Appendix G). Process evaluation metrics align with the Reach,
Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM)
framework, which seeks to enhance the quality, speed, and impact of
efforts to facilitate implementation of research into clinical practice
[60].

2.7.4. Cost outcomes

Intervention costs for labor and non-labor inputs associated with
delivery of the two interventions are being assessed using a VHA payer
perspective. Labor costs include HT nurse and study clinician time, as
determined using daily logs documenting engagement in study tasks.
Salaries are based on VHA Human Resources salary data. Capital costs
include HT telehealth equipment, telephone service costs, overhead
costs, and supplies. VHA health care costs include all health care uti-
lization costs that occurs in VHA facilities or facilities reimbursed by
VHA during the 12-month study period.

2.8. Data & safety monitoring

2.8.1. Data monitoring committee (DMC)

A DMC has been established to monitor data and oversee participant
safety at both sites. The DMC comprises each study site PI, the study
statisticians, the overall PC, and two independent experts not affiliated
with the study. This committee monitors participant recruitment and
retention, randomization, adverse events and safety concerns, data
quality and outcomes, and adherence to the proposed timeline. The
DMC meets biannually during the study period and as needed to review
protocols, procedures, and concerns pertaining to research integrity and
safety.

2.8.2. Adverse events (AEs)

AEs from both study arms are assessed by structured self-report [61]
and reported per local VAMC requirements. Serious, Unanticipated, and
Study-related AEs are reported to the IRB within five business days of
noting the event. All other adverse events are reported at continuing
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review. At study onset, patients were instructed to seek immediate
emergency services for any adverse events that require urgent in-person
evaluation.

Anticipated adverse events in both arms relate to potential side ef-
fects of diabetes treatment, and associated comorbidities in the study
cohort. As hypoglycemia is the most common side effect of diabetes
therapy, the incidence of blood glucose < 70 in both groups will be
examined by reviewing SMBG data transmitted to HT during the study.

2.9. Statistical analysis

Our primary analysis and sample size calculations are based on tests
of superiority. All hypothesis testing will be conducted with two-sided
p-values at the standard 0.05 level. Analyses will be performed ac-
cording to the intention-to-treat principle using SAS (Version 9.4: SAS
Institute, Cary, NC) and R (http://www.R-project.org/).

2.9.1. Primary analysis

A linear mixed model (LMM) will be used to fit a constrained
longitudinal data model, in which baseline HbAlc is modeled as a de-
pendent variable in conjunction with the constraint of a common
baseline mean across treatment arms, to examine between-arm differ-
ences in HbAlc over time [62]. The primary model predictors will in-
clude a common intercept, indicator variables for study arm (PRACT-
ICE-DM intervention vs. active control), follow-up times, and the
corresponding interactions between study arm and each time point.
Random effect(s) or a flexible covariance structure to account for cor-
relation among repeated measures over time will be fit. Our model will
also adjust for the baseline stratification variables study site, pre-en-
rollment use of standard HT services status, and pre-enrollment receipt
of Endocrinology or Clinical Pharmacy services [63]. Mixed effects
model parameters will be estimated and tested using SAS PROC MIXED
(SAS Institute, Cary, NC), with the estimated difference in HbAlc be-
tween the PRACTICE-DM intervention and the active comparator at
12 months serving as the primary effectiveness outcome.

2.9.2. Secondary analyses

Since the secondary outcomes are continuous, longitudinally col-
lected measures, we will use similar modeling procedures as those de-
scribed above for the primary analysis to assess between-group differ-
ences. We will also evaluate intervention engagement (SMBG
transmission) and adverse events descriptively, examining mean oc-
currence in each group during the study. Adjusted sensitivity analyses
will be conducted to examine how any clinically important between-
arm differences at baseline influence intervention effects on the pri-
mary outcome.

2.9.3. Process evaluation analyses

All qualitative interviews will be recorded and transcribed ver-
batim. Transcripts will be analyzed with direct content analysis [64]. A
qualitative codebook that includes code definitions, categorizations,
and all coding decision rules will be developed as part of a qualitative
audit trail. All team members will review and agree upon the coding
scheme, including labels and their definitions, by consensus. Qualita-
tive data will be managed in Atlas.ti, which facilitates coding man-
agement and analysis of patterns.

2.9.4. Cost analysis

Between-arm differences in annual VHA health care costs over the
12-month intervention period will be analyzed. Outpatient and total
VHA costs will be estimated using a quasi-likelihood approach for
generalized linear models with the variance and link functions that best
fit the data [65]. VHA inpatient costs will be estimated using a mar-
ginalized two-part (MTP) model to account for the expected high pro-
portion of zeros associated with lack of admission [66]. All stratifica-
tion variables and the treatment indicator will be included as covariates
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in the model.

2.9.5. Missing data

Mechanisms for missing data will be investigated by describing
missingness by intervention group, identifying missing data patterns,
and understanding which observed covariates predict missingness. The
main predictors of interest for the primary analysis are included in our
baseline data. Our main analysis technique, LMM, implicitly accom-
modates missingness when the response is Missing At Random (i.e., due
either to treatment, to prior outcome, or to other baseline covariates in
the LMM) [67]. Depending on the type and scope of missing data, we
will also explore multiple imputation as a sensitivity analysis [68].

2.9.6. Power calculation

Based on previous data [44], we used an alpha of 0.05, 80% power,
20% dropout, a within-patient correlation of HbAlc of 0.55, standard
deviation of 1.6, and baseline HbAlc of 10.3% to estimate that n = 200
participants (100 in each arm) would be needed to detect an effect size
difference of 0.6% at 12 months. This difference assumes a conservative
reduction of 0.5% by 12 months in the standard HT arm, and a con-
servative reduction of 1.1% by 12 months in the PRACTICE-DM arm
[21,23]. Power estimates were derived empirically via simulation (SAS
9.4) by generating 1000 stimulated datasets with these assumptions and
then fitting the LMM described previously for our primary and sec-
ondary analyses and assessing the effect of interest using two-sided tests
with alpha = 0.05. This sample will allow us to detect meaningful
between-group differences in our secondary outcomes.

3. Results
3.1. Baseline demographic and clinical characteristics of participants

Participant recruitment details are shown in Fig. 3. Enrollment
began in December 2018 and concluded in January 2020. Of the 1128
patients assessed for eligibility, 257 patients were consented and 200
participants were randomized; most of the 57 patients who were con-
sented but not randomized were excluded prior to randomization be-
cause their baseline HbAlc did not meet our inclusion criteria. Among
randomized patients, 99 were allocated to the standard HT arm and 101
to the PRACTICE-DM arm.

Table 2 presents baseline characteristics of the study population;
characteristics were generally well balanced across intervention arms.
Participants had a mean (SD) age of 58 years (SD = 8.2), baseline
HbAlc 10.2% (SD = 1.3), and baseline BMI 34.8 kg/m2 (SD = 6.7).
The study population includes 46 women (23.4%), 144 (72.0%) African

Assessed for Eligibility

Contemporary Clinical Trials 98 (2020) 106157

American patients, and 11 (5.5%) Hispanic/Latinx patients. Ad-
ditionally, 12 (6.0%) patients were previously enrolled in Home Tele-
health and 136 (68.0%) were receiving Endocrinology care prior to
study enrollment.

4. Discussion
4.1. Overview

PRACTICE-DM is an ongoing, active comparator RCT that is ex-
amining the effectiveness of a comprehensive telehealth intervention
for PPDM. In addition to HbAlc reduction, the impact on several im-
portant patient-centered outcomes will be examined, including diabetes
distress, medication adherence, and quality of life. We will also eval-
uate intervention costs and utilization, and perform a process evalua-
tion to help inform future intervention refinement and implementation.

4.2. Importance and relevance of PRACTICE-DM

Several key features contribute to this study's value. The PRACT-
ICE-DM intervention targets patients with PPDM, a group that con-
tributes excessively to the national diabetes burden [7,69]. Our com-
prehensive focus on this uniquely high-risk and high-cost diabetes
population creates substantial potential for prevention of costly short-
and long-term diabetes complications. Notably, our PPDM population is
72.0% African American, suggesting that by intervening on PPDM, we
may be simultaneously addressing racial disparities in diabetes out-
comes.

Critically, the PRACTICE-DM intervention is explicitly designed to
use existing VHA clinical staffing, infrastructure, and equipment. As
such, the intervention has unique promise for translation and im-
plementation within VHA. Despite its potential, comprehensive tele-
health-based diabetes management remains insufficiently utilized in
clinical practice, owing mainly to barriers around financial support,
availability of staffing and telehealth equipment, and integration with
EHR systems. Because the PRACTICE-DM intervention leverages prior
VHA investments in telehealth, it could bridge the current gap in uti-
lization of comprehensive telehealth and become a feasible option in
practice.

Rather than comparing the PRACTICE-DM intervention to clinic-
based diabetes care, we are using standard VHA HT services as an active
comparator. Although VHA has successfully implemented its HT net-
work nationwide, this resource remains understudied. Using standard
HT as our comparator for the PRACTICE-DM intervention is not only
appropriate, given the PPDM population's established resistance to

Ineligible for the study n=458
Refused to participate n=293

Unable to contact n=119

Eligible but study sample reached n=1

Excluded from the study n=52

* Hemoglobin A1¢<8.5% n=48

* Upcoming bariatric surgery n=1

* Does not receive care from VA n=1

* Could not get valid Hemoglobin Alc from lab n=1
Unable to contact n=4

Withdrew from the study n=1

n=1,128

g
£ Consented n=257
S
&

Randomized n=200
8
"
£
: |

Allocated to Intervention
n=101

Allocated to Active Control
n=99

Fig. 3. PRACTICE-DM participant recruitment and follow-up.
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Table 2
Baseline Sample Characteristics, Overall and Stratified by Intervention.
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Baseline Characteristics

Overall (n = 200)

Standard Home Telehealth (n = 99) PRACTICE-DM Intervention (n = 101)

Demographic characteristics

Age (years), mean (SD) 57.8 (8.2)
Female, n (%) 45 (22.5)

Race, n (%)

White or Caucasian 42 (21.0)

Black or African American 144 (72.0)

Other 14 (7.0)

Hispanic/Latino Ethnicity, n (%)" 11 (5.5)
Highest education level n (%)
< High school graduate 57 (28.5)
Technical school or some college 80 (40.0)
= College graduate 63 (31.5)
Currently married, n (%) 91 (45.5)
Employed (full/part-time/self), n (%) 90 (45.0)
Study site (%)
Durham 115 (57.5)
Richmond 85 (42.5)
Distance from nearest VA hospital or clinic from home =40 miles 153 (76.5)
Tobacco use in past 6 months, n (%) 30 (25.4)
Years with diabetes, mean (SD) 12.1 (7.7)
Prior Endo care (%) 136 (68.0)
Prior Home Telehealth enrollment (%) 12 (6.0)
Clinical measures
Baseline HbAlc, mean (SD) 10.2 (1.3)
Body mass index (kg/m?), mean (SD) 34.8 (6.7)
Insulin use, n (%) 143 (71.5)
Hypertension, n (%) 166 (83.0)
Hyperlipidemia, n (%)"” 171 (85.5)
Social support, n (%)° 191 (95.5)
Psychosocial measures
NVS score, mean (SD) 3.5 (2.0)
DKQ score, mean (SD) 18.2 (2.6)
DSMQ score, mean (SD) 6.7 (1.6)
VOILS Medication Non-adherence 1.6 (0.8)
Questionnaire score for Insulin, mean
(spy*
VOILS Medication Non-adherence 1.5 (0.8)
Questionnaire score for Diabetes Pills,
mean (SD)“
DDS score, mean (SD) 1.9 (0.8)
PCS score, mean (SD) 5.2 (1.5)
PROMIS Self-Efficacy score, mean (SD) 46.4 (7.9)
PROMIS Pain Interference Scale score, 58.9 (9.8)
mean (SD)
HCCQ Diabetes score, mean (SD)" 5.9 (1.5)
Depression (PHQ-8) score, mean (SD)® 7.3 (5.7)

57.8 (8.0) 57.7 (8.3)
21 (21.2) 24 (23.8)
17 (17.2) 25 (24.8)
76 (76.8) 68 (67.3)
6 (6.0) 8(7.9)
5(5.1) 6 (5.9)
28 (28.3) 29 (28.7)
43 (43.4) 37 (36.6)
28 (28.3) 35 (34.7)
46 (45.5) 45 (46.5)
42 (42.4) 48 (47.5)
58 (58.6) 57 (56.4)
41 (41.4) 44 (43.6)
74 (74.7) 79 (78.2)
14 (21.5) 16 (30.2)
12.0 (7.5) 12.1 (8.0)
67 (67.7) 69 (68.3)
6 (6.1) 6 (5.9)
10.2 (1.4) 10.1 (1.2)
35.2 (7.0) 34.5 (6.4)
64 (64.6) 79 (78.2)
85 (85.9) 81 (80.2)
87 (87.9) 84 (83.2)
93 (93.9) 98 (97.0)
3.4(2.1) 3.5 (1.8)
17.9 (2.6) 18.4 (2.6)
6.5 (1.7) 6.9 (1.5)
1.8 (0.9) 1.6 (0.8)
1.5 (0.8) 1.4 (0.7)
1.9 (0.9) 1.9 (0.7)
5.2 (1.4) 5.2 (1.5)
45.9 (8.0) 46.9 (7.9)
58.6 (10.2) 59.2 (9.5)
6.0 (1.3) 5.8 (1.6)
7.6 (6.1) 7.0 (5.2)

NVS = Newest Vital Signs; DKQ-24 = Diabetes Knowledge Questionnaire; DSMQ = Diabetes Self-Management Questionnaire; DDS = Diabetes Distress Scale;
PCS = Perceived Competence Scale; HCCQ = Health Care Climate Questionnaire; PHQ-8 = Patient Health Questionnaire; BG = blood glucose.

@ 1 patient in the Standard Home Telehealth group responded Don't Know to the Hispanic/Latino Ethnicity question.

b 1 patient in the Intervention group responded Don't Know to having high cholesterol and to having social support.

¢ Social support was assessed by asking, “Do you have someone you feel close to, someone you can trust and confide in?”

422 patients in the Intervention group and 35 patients in the Standard Telehealth group do not have an insulin adherence score because they reported not taking

insulin at baseline.

€ 7 patients in the Intervention group and 11 patients in the Standard Telehealth group do not have a diabetes pill adherence score because they reported not

taking diabetes pills at baseline.

f 1 patient in the Intervention group and 1 patient in the Standard Telehealth group are missing the PHQ score.

& 1 patient in the Intervention group is missing the HCCQ score.

clinic-based diabetes care, but it will also provide valuable data re-
garding the impact of VHA HT telemonitoring and care coordination.

The PRACTICE-DM intervention exposes patients with PPDM to
multiple therapeutic approaches, so it may improve meaningful, pa-
tient-centered outcomes beyond glycemic control. We selected outcome
measures that will not only facilitate insights regarding the PRACT-
ICE-DM intervention's secondary benefits, but will also allow us to
understand the impact of each intervention component individually.
Recognizing the relative contributions of each individual component
through quantitative measures and qualitative analyses will deepen our

understanding of the intervention's mechanisms of effect, and will also
suggest opportunities for further modification.

Although the PRACTICE-DM intervention was developed for de-
livery via VHA infrastructure, the primary concept driving the inter-
vention's design — use of existing staffing and infrastructure - is broadly
applicable. In the United States, more than 75% of health systems have
some degree of telehealth capacity as of 2017, and this prevalence
continues to rise each year [70]. Much of the PRACTICE-DM inter-
vention's approach is amenable to adaptation for other systems. Ad-
ditionally, while the current study focuses on PPDM, the idea of
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comprehensive HT-based care for clinic-refractory patients is in essence
disease-agnostic. Approximately 60% of all adults have at least one
chronic disease, accounting for 3.5 trillion in all healthcare ex-
penditures and 70% of all deaths in the United States [71,72]. The
PRACTICE-DM intervention approach could easily be adapted for hy-
pertension, heart failure, and other chronic diseases, thus improving
long-term outcomes and costs across a spectrum of conditions. This
potential for adaptation to other disease states magnifies the impact of
the present study.

4.3. Impact of COVID-19 pandemic

The COVID-19 pandemic has presented substantial challenges for
both clinical care and the conduct of clinical research. In spite of the
pandemic's widespread impact, delivery of the PRACTICE-DM inter-
vention and active comparator HT intervention has been able to con-
tinue uninterrupted at both sites. This robustness against interruption
points to a fundamental strength of telehealth — using technology to
align care services around patients facilitates patient-provider contact
in a manner that circumvents limitations of in-person care. Utilization
of telehealth has increased dramatically during the pandemic [73],
which accentuates the importance of this study.

While delivery of the study interventions has continued unimpeded
during the pandemic, data collection has been affected to a degree. In-
person collection of data for research purposes has been temporarily
put on hold during the pandemic, which has led to delays in collecting
HbAlc, BP, and BMI data for some patients. To mitigate the impact of
these delays on our primary outcome, we will conduct analyses al-
lowing for the inclusion of clinical HbAlc data, adapt our modeling
approaches to account for HbAlc data collected at varying time points
and, and adjust for missing values as necessary. Additionally, patients
have continued uploading of SMBG data from their meters during the
pandemic; we are able to obtain these data directly from the Medtronic
vendor database, and will be able to use them for exploratory assess-
ments of glycemic control. We have also been documenting clinical self-
reported home BP and BMI data, which may allow for exploratory
sensitivity analyses. Of note, we have been able to continue collecting
survey data by phone, so these data are unaffected. Fortunately, col-
lection of lab data has resumed, and we do not anticipate that these
challenges will significantly affect our primary analysis plan or the
reliability of our findings. Any adaptations to our analysis plan or other
impacts from the pandemic will be appropriately described in detail in
future manuscripts.

4.4. Limitations

Because the PPDM population comprises individuals with poor
glycemic control that persists despite engagement with clinic-based
care, our findings may not apply to patients with poorly controlled
diabetes who have limited healthcare engagement or newly diagnosed
diabetes. However, patients whose diabetes has proven refractory to
clinic-based care are likely to reap the greatest benefit from augmenting
clinic-based care with approaches like the PRACTICE-DM intervention,
making this population a critical target for study. Similarly, because
both study arms require willingness to attempt daily blood glucose self-
monitoring, our findings may not apply to patients with PPDM who are
explicitly unwilling to self-monitor. Our population demographics may
likewise limit generalizability; however, the relatively few exclusion
criteria and successful recruitment of women (22.5% of overall study
population compared to 8.4% of total VHA population) may help mi-
tigate this limitation [74]. Patients with type 1 diabetes were excluded
from this study, so our findings may not apply to this population.

As discussed, the PRACTICE-DM intervention is designed for de-
livery via existing VHA HT services, which may limit generalizability
beyond VHA. However, as detailed above, the concept of designing
interventions around existing staffing and infrastructure is broadly
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applicable beyond VHA, and the proposed approach should be adap-
table to other systems. Of note, our Durham site used only one HT nurse
for each intervention arm (as opposed to our Richmond site, which used
3-5); utilization of fewer nurses at this site was driven by site-specific
considerations, and the skills or biases of these individual nurses could
in theory confound differences in outcomes. However, the standar-
dized, structured delivery of each PRACTICE-DM intervention compo-
nent will mitigate this risk, and our ongoing fidelity analysis should
identify inconsistent performance between nurses and facilitate rapid
intervention as needed.

As above, we selected an active comparator for the PRACTICE-DM
intervention because the PPDM population has by definition proven
resistant to clinic-based diabetes care. While we view this design as the
most ethical option for the PPDM population, it will limit our ability to
account for temporal changes in diabetes control within our population.
This limitation is mitigated to an extent by our pilot data, which de-
monstrated that a PPDM cohort exhibited minimal improvement in
HbA1lc over a 6-month period under usual clinic-based care [44].

Finally, the PRACTICE-DM intervention combines five components,
and the study is not designed to determine whether a simpler approach
might work equally well. As such, patients in the PRACTICE-DM arm
will likely have more intervention contact than in the standard HT arm.
Our examinations of each intervention component's impact on sec-
ondary outcomes may provide data to help mitigate these limitations.
Specifically, we included secondary outcomes that map to each of the
five intervention components, which will allow us to examine the
components' clinical effectiveness through mediator analyses. This ap-
proach will provide evidence as to how each component contributed to
any intervention effect, and may permit inference as to which compo-
nents require refinement. Furthermore, our cost analysis will enable us
to quantify added expenses associated with PRACTICE-DM, and whe-
ther any clinical benefits offset these costs.

5. Conclusions

The PRACTICE-DM intervention is a novel, comprehensive tele-
health approach that seeks to improve glycemic control for patients
with PPDM, who represent a uniquely high-risk and high-cost diabetes
population. Because the PRACTICE-DM intervention can be delivered
using ubiquitous VHA clinical staffing and infrastructure, it may be
amenable to broad clinical implementation and dissemination. If suc-
cessful, the PRACTICE-DM intervention could finally make compre-
hensive telehealth a viable option for patients whose diabetes is re-
sistant to clinic-based measures.
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