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Abstract

Diabetic kidney disease (DKD) is the leading cause of end-stage kidney disease (ESKD) in the 

United States. Multiple risk factors contribute to DKD development, yet few interventions target 

more than a single DKD risk factor at a time. This manuscript describes the study protocol, 

recruitment, and baseline participant characteristics for the Simultaneous Risk Factor Control 

Using Telehealth to slOw Progression of Diabetic Kidney Disease (STOP-DKD) study. The 

STOP-DKD study is a randomized controlled trial designed to evaluate the effectiveness of a 

multifactorial behavioral and medication management intervention to mitigate kidney function 

decline at 3 years compared to usual care. The intervention consists of up to 36 monthly 
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educational modules delivered via telephone by a study pharmacist, home blood pressure 

monitoring, and medication management recommendations delivered electronically to primary 

care physicians. Patients seen at seven primary care clinics in North Carolina, with diabetes and 

(1) uncontrolled hypertension and (2) evidence of kidney dysfunction (albuminuria or reduced 

estimated glomerular filtration rate [eGFR]) were eligible to participate. Study recruitment 

completed in December 2014. Of the 281 participants randomized, mean age at baseline was 61.9; 

52% were male, 56% were Black, and most were high school graduates (89%). Baseline co-

morbidity was high- mean blood pressure was 134/76 mmHg, mean body mass index was 35.7 

kg/m2, mean eGFR was 80.7 ml/min/1.73m2, and mean glycated hemoglobin was 8.0%. 

Experiences of recruiting and implementing a comprehensive DKD program to individuals at high 

risk seen in the primary care setting are provided.
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1. Introduction

Type 2 diabetic kidney disease (DKD) is the leading cause of end-stage kidney disease 

(ESKD) in the United States (US), accounting for over $25 billion in medical expenditures 

each year.1 The prevalence of DKD is increasing in direct proportion to diabetes prevalence; 

DKD is estimated to affect 3.3% of the general US population,2 and approximately 26-40% 

of those with diabetes.3,4 Several key risk factors contribute to the development of kidney 

disease among patients with diabetes, including poorly controlled comorbidities such as 

hypertension.5 Approximately 60% of individuals with DKD have uncontrolled blood 

pressure that increases the risk of ESKD, cardiovascular events, and death.6,7 The results of 

multiple randomized trials demonstrate that reducing blood pressure slows the decline of 

glomerular filtration rate (GFR).8, 9 Among those with uncontrolled hypertension, greater 

reductions in blood pressure result in even greater preservation of GFR. Therefore, efforts to 

slow or reverse DKD progression must improve control of the proximal determinants that 

lead to progression such as hypertension and related health behaviors.10

There is a growing consensus that the optimal management of DKD requires a 

comprehensive, multifactorial approach focusing on early risk factor control.11,12 

Management includes the use of medications to control blood pressure, glucose, and lipid 

profiles, along with antiplatelet agents and lifestyle modifications including smoking 

cessation, healthy diet, exercise, and weight reduction. Although control of individual risk 

factors may be effective, multifactorial interventions have been evaluated with a variety of 

study designs, interventions, and intended targets (e.g., health system, providers, patients). 
13,14,15,16–23 While addressing single risk factors or even a few together may be modestly 

effective,24 targeting multiple traditional risk factors concomitantly is more effective at 

reducing progression of kidney disease, ESKD, and death. 6,13,19,20,22,25–34,

Despite favorable effects of multifactorial interventions for DKD, inference is limited by 

their small sample sizes,20 lack of renal outcomes,35 and/or non-randomized study designs.

Diamantidis et al. Page 2

Contemp Clin Trials. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36 Importantly, all of these interventions have required frequent face-to-face visits that limit 

the ability to translate them to populations more widely. In addition, most interventions have 

been conducted within demographically homogenous patient populations, limiting 

generalizability to the increasingly diverse DKD population and dissemination throughout 

the heterogeneous US health care system.

To address these gaps, we describe the development of a randomized controlled trial in 

adults with DKD that uses a multifactorial telehealth intervention targeting key risk factors 

in the progression of DKD. The primary specific aim is to test the hypothesis that patients 

with DKD and uncontrolled hypertension who receive a multifactorial telehealth 

intervention will have less progression defined as a smaller decrease in kidney function after 

3 years when compared to an education control group. Secondary aims test the hypothesis 

that the intervention will result in greater improvement in blood pressure, blood glucose, and 

urinary albumin excretion relative to the control group.

2. Materials and Methods

2.1. Study overview

The Simultaneous Risk Factor Control Using Telehealth to slOw Progression of Diabetic 

Kidney Disease (STOP-DKD) study is a randomized controlled trial of adults with diabetic 

kidney disease (DKD) and poorly controlled hypertension randomized to receive a tailored 

multifactorial, clinical pharmacist-administered telehealth intervention or to an educational 

control group. All study procedures and protocols were approved by the Duke University 

Institutional Review Board.

2.2. Study population

Eligible patients were identified through primary care providers (PCPs) at 5 outpatient 

primary care clinics within the Duke University Health System (DUHS), two of which are 

Federally Qualified Health Centers. Duke Primary Care is comprised of Internal Medicine 

and Family Medicine clinics serving Durham County, NC and the surrounding areas. 

Eligible patients were identified through screening of the electronic health record, and 

introduced to the study through their primary care provider (PCP).

2.3. Eligibility criteria

Potentially eligible patients were ascertained through the Duke Enterprise Data Unified 

Content Explorer Research Portal (DEDUCE).37 DEDUCE is a web-based tool that queries 

electronic health data from clinical and billing systems within the Duke University Health 

System (DUHS). Patients identified through the DEDUCE data pull were further screened to 

confirm eligibility. Electronic screening took place monthly for patients who, during the 

preceding 3 years, met the following eligibility criteria: 1) adult (age ≥18 and ≤75 years); 2) 

regular use of the DUHS (≥2 primary care visits in 3 prior years); 3) diagnosis of type 2 

diabetes (ICD-9 codes 250.×0, 250. ×2); 4) at least 2 serum creatinine values available in the 

3 prior years, separated by at least 3 months; 5) eGFR greater than 45 ml/min/1.73m2 but 

less than 90 ml/min/1.73m2 on most recent creatinine, estimated by calculating an eGFR 

using the 4-variable Modification of Diet in Renal Disease Study [MDRD] equation; 6) 
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evidence of diabetic nephropathy (either: i. presence of macroalbuminuria; ii. history of 

microalbuminuria prior to angiotensin-converting enzyme (ACE) inhibitor or angiotensin 

receptor blocker (ARB) therapy; iii. previous documentation of diabetic retinopathy or laser 

therapy38; iv. if only microalbuminuria and no iii, then urinalysis without hematuria, and no 

other renal etiologies [i.e., glomerulonephritis, polycystic kidney disease, membranous 

nephropathy, renal artery stenosis]); 7) poorly controlled hypertension (1year mean clinic 

systolic blood pressure [SBP]≥140 mmHg and/or diastolic blood pressure [DBP] ≥90 

mmHg, and 8) prescribed hypertension and diabetes medications.

2.4. Expanded Inclusion Criteria

Use of the inclusion criteria noted above proved more challenging than anticipated and 

resulted in delayed enrollment. Clinic recruitment was expanded to include 2 more clinics 

for a total of 7 primary care clinics. Despite this expansion, variability in BP, eGFR, and 

albuminuria was found to be problematic for inclusion. Consequently, study inclusion 

criteria were expanded to include individuals with two blood pressure values of SBP ≥ 140 

and/or DBP ≥ 90 over 1 year, regardless of 1 year average. A third expansion of inclusion 

criteria removed the upper eGFR threshold of 90 ml/min/1.73m2. We chose to compromise 

on kidney function criteria more so than BP, since hypertension remains a key driver of 

progressive kidney disease, even among those with milder DKD.

2.5. Exclusion criteria

Patients without telephone access; not proficient in English; residents of a long-term care 

facility or home health care patient; with impaired hearing, speech, or vision; participating in 

another clinical trial; planning to leave the area within 3 years; with pancreatic insufficiency 

or diabetes secondary to pancreatitis; who currently abuse alcohol (>14 alcoholic beverages 

weekly); with a diagnosis of non-diabetic kidney disease; with an active malignancy; or with 

a life-threatening illness and probable death within 4 years were excluded.

2.6. Recruitment of participants

Invitation letters signed by their PCP were mailed to patients requesting their participation in 

the study. Patients were given an option to opt-out of further communication with study 

staff. Those who did not opt-out within 10 days were subsequently contacted by study staff 

and screened for exclusion criteria.

2.7. Randomization

Eligible patients were randomized to one of the 2 study groups. Patient randomization was 

stratified by eGFR and race, where eGFR was dichotomized as 45-60 ml/min/1.73m2 versus 

> 60; race was dichotomized as Black versus non-Black. In order to assure allocation 

concealment, project statisticians performed the entire study randomization before 

enrollment using blocked randomization to ensure rolling balance between groups over the 

recruitment period. Randomization assignments by strata were loaded into the study tracking 

database and participant group assignment automatically generated at the baseline visit.
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2.8. Treatment Arms

2.8.1 Education control group—Patients randomized to the education control group 

received primary care and management of DKD at the discretion of their provider, after 

being informed of the patient’s enrollment into the study. At baseline, the educational 

control group received material describing optimal management strategies for kidney disease 

developed by the National Kidney Disease Education Project (NKDEP).39

2.8.2 Multi-factorial Intervention

2.8.2.1 Theoretical Framework: The multi-factorial pharmacist intervention design was 

informed using the chronic care model (CCM)40 and health decision model (HDM)41. The 

CCM model was used to focus on linking informed, active patients with proactive provider 

teams. The CCM model acknowledges that a substantial portion of chronic care occurs 

outside of formal healthcare settings and highlights six core elements for the provision of 

optimal care of patients with chronic disease. The six core elements are addressed in the 

intervention in the following ways: community resources (e.g., connecting participants to 

resources for accessing low cost medications and exercise programs); the healthcare system 

(e.g. promotion of patient-provider communication and patient engagement); patient self-

management (e.g., focus on self-care, behavior, and motivation); decision support (e.g., 

pharmacists using software to assist in guideline concordance medication treatment; delivery 

system redesign (e.g., using telephone-based pharmacists); and clinical information systems 

(e.g., using the electronic health record to inform providers of interim home blood pressure 

values and recommended medication changes).

The intervention is led by clinical pharmacists trained in motivational interviewing, and 

performed in close communication with participants’ PCPs, facilitating management of 

complex medication regimens. The revised HDM was used to identify behavioral factors to 

target. The HDM incorporates health beliefs and modifying factors that may explain poor 

disease control related to treatment adherence by examining factors that hinder or promote 

health behaviors. The intervention draws on this model by tailoring feedback relevant to 

each patient rather than reliance on a generic intervention protocol. Drawing on stages of 

change,42 and the revised.

HDM,41 the intervention addresses how to 1) set healthy goals and gain self-efficacy, 2) 

implement healthy behavior and monitor performance, and 3) maintain the behaviors and 

associated risk factor control over time in patients with DKD and uncontrolled hypertension.

2.8.2.2. Intervention Group: The intervention consists of medication management and 

behavioral educational modules developed from evidence-based DKD treatment 

recommendations. Each module is delivered via telephone by a clinical pharmacist monthly 

for three years. The clinical pharmacists utilize motivational interviewing techniques to help 

patients explore and resolve ambivalence regarding readiness for change in each component. 

To ensure the tailored information is standardized, the pharmacists use an intervention 

software application with predetermined scripts and patient-specific, tailored algorithms 

(Appendix 1). All patients in the intervention group receive a home BP monitor and are 

requested to use BP monitors to provide at least 3 values for at least one week prior to each 
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monthly medication management call session. Patients are similarly asked to provide at least 

three blood sugar values for at least one week prior to each monthly session.

2.8.2.3. Intervention Components: Intervention components include medication 

management and behavioral-educational modules (Table 1). Key risk factors for the 

progression of DKD are addressed monthly via telephone over a 36-month time interval, 

including evaluation of medications, side effects, communication skills, health behaviors, 

health knowledge, and diabetes self-management. The activation frequency of each module 

(multiple modules make up an encounter) can vary; some modules may be activated at every 

encounter when the intervention is activated (medication adherence/update, side effects, and 

pill refill), while others are activated every 6 months (disease knowledge/risk perception, 

patient-physician communication, and health behaviors [smoking, activity/exercise, diet]). 

Key risk factors for the progression of DKD are addressed during the 36-month time 

interval. When needed, treatment recommendations were made based on evidence-based 

protocols (Appendix 1) and communicated to the participant’s PCP via the electronic health 

record. Verbal information is reinforced with written and visual material delivered to the 

patient in print.

2.9. Data Collection, Follow-Up and Outcomes

All participants are assessed using an in-person study visit at the Duke University Center for 

Living Campus in Durham, NC at baseline, 12 months, 24 months, and 36 months (Figure 

1). Anthropometric, biospecimen, and survey data are collected in detail at each visit and are 

outlined in Table 2.

The primary outcome of interest is change in estimated glomerular filtration rate (eGFR) at 

three years; secondary outcomes include changes in blood pressure, blood glucose, 

hemoglobin A1C, and urinary albumin excretion. The primary hypothesis is a mean eGFR 

difference of −5ml/min/1.73m2 at 36 months between intervention and control groups. Other 

outcomes of interest include assessment of 1) psychological barriers to optimal DKD care, 

including depression,43 household chaos,44 perceived self-efficacy,45 and perceived diabetes 

self-management, 2) DKD and risk factor awareness and knowledge, 3) behaviors such as 

physical activity,46 diet,47 sleep,48 tobacco and alcohol use, 4) sociodemographic barriers to 

optimal DKD care, including health literacy and numeracy,49 quality of life,50 social support 

and barriers to medication treatment. Additional biomedical assessments include ankle 

brachial index, retinopathy screening, and biorepository specimen collection, and we later 

added an ambulatory blood pressure monitoring option.

2.10. Statistical Considerations

2.10.1. Data analysis—Assigned study group (intervention versus educational control) is 

the main independent variable, using an intent-to-treat analytic framework. The primary 

analysis is a comparison of the mean change in in eGFR from baseline to 36 months 

between the two study groups, using a two-sided 0.05 level t-test (“difference of differences” 

test). As a supplement to our primary analysis, a longitudinal linear mixed model will be 

carried out using all measurements of eGFR over three years to compare trajectories of the 

primary and secondary continuous outcome across study arms.51 In secondary analysis, race 
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will be added to the models above to determine if changes in eGFR and/or the shapes of the 

trajectories over time differ by the two study race groups. Exploratory analyses will examine 

the impact on alternate measures of kidney function over time (e.g. change in slope of 

eGFR), as well as expand the longitudinal models to determine if trajectories over time are 

further explained by other baseline characteristics.

2.10.2. Sample size, power, and randomization—The study is designed to detect a 

−5 ml/min/1.73m2 difference in the mean change in eGFR from baseline to 3 years between 

intervention and control groups. The power calculations for the primary outcome assume a 

baseline eGFR standard deviation of 14 mmHg, a within-person correlation of 0.7, and a 

10% drop-out rate. Under these assumptions, the target sample size of 300 (150 in each arm) 

has 95.6% power, and the actual sample size of 280 would have 85% power using a two-

sided 0.05 level t-test.

A stratified randomization with blocking was used with a total of four strata, defined by two 

stratification variables – eGFR (eGFR ≤ 60.00 ml/min/1.73m2 vs. eGFR > 60.00 ml/min/

1.73m2) and race (Black/non-Black). The stratification was used to generate reasonable 

balance between the intervention and control groups on two stratification factors, while the 

blocking was used to ensure rolling balance as the study progressed. The block size and 

order was known only to the statisticians generating the randomization scheme. The scheme 

was loaded into the tracking database and assignment automatically generated at the 

randomization visit.

2.11. Data & Safety Monitoring

2.11.1. Data & Safety Monitoring Board (DSMB)—A DSMB has been established to 

monitor data and oversee participant safety. The DSMB, comprised of three independent 

clinical researchers with related expertise, monitors participant recruitment and retention, 

adverse events, data quality, and outcome data. The DSMB meets biannually via 

teleconferencing to review protocols, procedures, and concerns related to research integrity 

and safety.

2.11.2 Adverse Events (AEs)—All AEs, either serious or non-serious, regardless of 

relationship to the study (i.e. related or not) or to the study intervention, are recorded in the 

study’s AE log. At each study visit, study personnel review the participant’s electronic 

health record and screen for emergency room visits, hospital admissions (planned or 

unplanned) and urgent care visits that occurred since the patient’s last annual follow-up visit. 

These AE’s are documented and detailed in the study’s AE log. In addition, participants are 

asked at each study visit about inter-current hospitalizations, emergency room visits, or 

urgent care visits since their last study visit. If a reported event occurred outside of the Duke 

Health System, study personnel obtain details surrounding the event using a signed patient 

medical release form. AE collection occurs throughout the study duration, and all AE’s are 

reviewed by study investigators monthly, who confirm the AE, note the seriousness of the 

AE, and determine its relation to the study on the AE log. The study’s AE log is reported to 

the DSMB for biannual review.
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2.12. Resource Considerations

In order to understand the potential economic impact of the STOP-DKD intervention, we 

will perform an economic evaluation estimating total direct and indirect costs incurred over 

3 years, and the long-term cost-effectiveness of the intervention based on projected estimates 

of lifetime costs and quality-adjusted life-years. Data to be collected for use in the economic 

evaluation includes: (1) all-cause medical resource use; (2) patient time; (3) health utilities; 

and (4) resources required to provide the telehealth and education interventions. This 

information will be ascertained via patient self-report and supplemented with information 

available from patients’ medical records. In order to evaluate the combined impact on long-

term health benefits, we will utilize a well-validated epidemiological tool known as the 

Archimedes model.52,53

3. Results

3.1. Baseline demographic and clinical characteristics of participants

Participant recruitment details are shown in Figure 2. Enrollment concluded in December 

2015. A total of 281 patients were randomized to treatment arms; 143 randomized to control 

and 138 randomized to receipt of the intervention. Baseline characteristics by treatment arm 

are presented in Table 3. Mean participant age at at baseline was 61.9, and 56% of the cohort 

is Black. The majority of participants have completed high school and have annual 

household incomes of <$60,000. Self-report of diabetes and hypertension diagnoses was 

generally high (93.2% and 91.1%, respectively), but self-reported CKD was low at 10.9%. 

Median BMI was 36.7 kg/m2, mean baseline blood pressure was 134/76 mmHg, and median 

eGFR was 80.7 ml/min/1.73m2. Approximately, one quarter of the sample reported literacy 

challenges, and approximately one-third of participants reported medication non-adherence.

3.2 Relationship with Primary Care Providers

The STOP-DKD Study was designed to promote patient self-management and engagement 

in health by encouraging patients to actively discuss ongoing health issues with their 

primary care providers. Study pharmacists also served as communication liaisons by 

providing treatment recommendations and raising provider awareness of both safety and 

clinical issues that were ascertained through study activities through communication with 

providers in the electronic medical record.

To further promote the concept of a team-based approach to patient care, STOP-DKD study 

team members (principal investigators, pharmacists, study coordinators) visited each of 

seven primary care providers following completion of recruitment activities to provide them 

with general and tailored updates of study participant recruitment and retention. Feedback 

from providers regarding communication strategies (e.g., need for more or less detail in 

digital messaging) were incorporated by study pharmacists for each individual provider 

request. Broad recommendations from a diverse sample of providers also allowed refinement 

of communication techniques (e.g. placing the phrase “STOP-DKD Study” in the electronic 

medical record message subject line) into study activities.
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4. Discussion

The STOP-DKD study is an ongoing randomized clinical trial testing the effectiveness of a 

multifactorial treatment approach that simultaneously targets risk factors for DKD 

progression. Prior multifactorial interventions across a variety of study designs, 

interventions, and intended targets (e.g. health system, providers, patients)24,54–59 have been 

effective in improving intermediate outcomes including control of BP and metabolic 

abnormalities, but few have included a diverse sample of high-risk participants with 

comprehensive longitudinal follow-up as seen in STOP-DKD. Although the study is 

ongoing, our experiences with intervention development and implementation, recruitment 

and enrollment, and participant and provider engagement represent opportunities to evaluate 

the impact of practical and common study challenges on the intended outcomes in pragmatic 

research.

While the resultant STOP-DKD study population is comprised of a diverse, high-risk 

primary care population, recruitment difficulties and inclusion criteria expansion resulted in 

a study cohort with higher degrees of blood pressure control and preserved kidney function 

than initially intended. How this alteration in study sample characteristics will impact the 

effectiveness of the intervention remains to be determined. Examination of study 

engagement and treatment adherence by degree of risk factor control warrants further 

review, and will indisputably inform the development and personalization of future 

interventions in high-risk populations with varying degrees of informational and medication 

management needs.

The STOP-DKD study was designed with the objective of enhancing patient engagement by 

monthly telephone modules delivered via the same study pharmacist to promote continuity 

and build trust. Use of a standard voice telephone was explicitly chosen to eliminate any 

potential barriers to engagement by varying levels of participant digital readiness. Further, 

the pharmacists function as champions of evidenced-based DKD treatment strategies by 

communicating with treating primary care providers with minimal workflow interruptions. 

While not yet formally evaluated, patient engagement with phone calls appears to vary 

across several dimensions. Many participants spend more than the allotted time speaking 

with study pharmacists, while others are quick to complete intervention calls. Few, however, 

do not complete the calls at all. Examination of factors related to engagement and its 

association in outcomes will need to consider any bias by the two study pharmacists who 

conducted the intervention. Although modules are scripted, standardized, and undergo 

fidelity assessments, different approaches to delivering the scripted intervention material 

may lead to different levels of engagement and connection that influence patient health 

behaviors and self-management.

The STOP-DKD study has several strengths that should be highlighted. Implementation of a 

complex intervention in a real-world setting across several different clinics was facilitated by 

the use of telehealth. There is growing interest in such approaches to remotely monitor and 

manage patients with more advanced kidney disease.60–62 Despite growing clinical uptake of 

telehealth platforms, few studies have rigorously evaluated the impact of such telehealth 

interventions on (1) long-term (rather than intermediate) outcomes, or (2) the economic and 
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resource considerations associated with the implementation of such telehealth strategies. 

Further, the STOP-DKD study population, over half of which is Black or male, provides a 

unique opportunity to exam the impact of a telehealth intervention in these high-risk groups. 

Finally, the inclusion of an assortment of behavioral and social support surveys and 

measures may help to identify subgroups who are more or less responsive to the 

intervention, and identify potential barriers or facilitators to behavioral health approaches.

5. Conclusion

Our study is the first randomized controlled trial to test the effectiveness of a multi-factorial 

telehealth intervention to improve outcomes in DKD. The racial diversity of our participants, 

the concomitant attention to both behavioral influences and medication management, and the 

efficient and sustainable approach to care delivery, allows us to evaluate the impact of such 

an intervention in the early course of DKD, when the long-term impact is likely to be the 

greatest.
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Appendix 1. STOP-DKD Treatment Protocols

STOP-DKD Cholesterol Treatment Protocol
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STOP-DKD Smoking cessation Treatment Protocol

STOP-DKD Hypertension Treatment Protocol
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STOP-DKD Diabetes Treatment Protocol

Abbreviations

ABI ankle-brachial index

ACE inhibitors angiotensin converting enzyme inhibitors

BMI body mass index

BP blood pressure

CCM chronic care model

CKD chronic kidney disease

DBP diastolic blood pressure

DEDUCE Duke Enterprise Data Unified Content Explorer Research 

Portal

DKD diabetic kidney disease

DUHS Duke University Health System

eGFR estimated glomerular filtration rate

HDM health decision model

LDL-C low-density lipoprotein-C

MDRD Modification of Diet in Renal Disease Study

PCP primary care provider

REALM Rapid Estimate of Adult Literacy in Medicine

SBP systolic blood pressure
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Figure 1. 
Flow of STOP-DKD Study Activities
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Figure 2. 
STOP-DKD participant recruitment and follow-up

Diamantidis et al. Page 17

Contemp Clin Trials. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Diamantidis et al. Page 18

Table 1

STOP-DKD Intervention Components

Focus Intervention Component

Hypertension Medication intensification focusing on achieving a 1-week average home blood pressure of <135/85mmHg.

Diabetes Medication management focusing on achieving target hemoglobin A1C <8.0.

Albuminuria Blood pressure control and use of ACE inhibitors and angiotensin receptor blockers (if tolerated) are prioritized as 
methods to reduce micro- and macro-albuminuria.

Hyperlipidemia • Cholesterol management focusing on use of appropriate statin therapy as indicated.

Smoking • Assessment of smoking status and initiation of a tailored behavioral intervention, and nicotine 
replacement therapy if agreed to by participant.

Aspirin • Promotion of aspirin therapy as primary and secondary prevention of cardiovascular events.

Medication Management • Pharmacists assess adherence, purpose and administration of each medication. Pharmacists 
recommend medication changes tailored to each participant’s current risk factor control, and 
communicate these recommendations to the PCP via the electronic medical record.

Health Behaviors • During each monthly session, participants are provided with culturally sensitive, low-literacy, 
evidence-based recommendations regarding lifestyle behaviors. The behavioral intervention is 
enhanced through motivational interviewing techniques designed to elicit behavior change and goal 
achievement through exploration and resolution of ambivalence regarding readinesss for change.
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Table 2

Data collected at STOP DKD baseline and follow-up visits

Study Assessments

Baseline 12 months 24 months 36 months

Primary Outcome

Change in Estimated Glomerular Filtration Rate (eGFR) X X X X

Secondary Outcome

Change in blood pressure X X X X

Social and Demographic

Gender*, age, marital status, work status, household income, and insurance X X X X

Social Support X X X X

Health Literacy (Rapid Estimate of Adult Literacy in Medicine) X X

Health Numeracy X X

Quality of Life (EuroQoL, EQ-5D X X X X

Medication Treatment Barriers (Catz et al. 2000) X X X X

Biomedical

Height and weight X X X X

Blood pressure* X X X X

Ambulatory Blood Pressure Monitoring (optional) X

Ankle Brachial Index (ABI) X X

Eye Acuity and Retinopathy Imaging X

Serum Creatinine X X X X

Cy statin C X X X X

Urine Albumin X X X X

Hemoglobin A1c X X X X

Serum Glucose X X X X

Lipid Panel X X X X

Biorepository specimen collection (optional) X X X X

Psychological

Depression (Patient Health Questionnaire-2) X X X X

Self-efficacy X X X X

Self-management X X X X

Chaos X X X X

Knowledge and Behaviors

Sleep (Pittsburgh Sleep Quality Index) X X X X

Diet (Behavioral Risk Factor Surveillance System) X X X X

Functional Capacity (Duke Activity Status Index) X X X X

Kidney Disease Knowledge (National Health and Nutrition Examination Survey-CDC) X X X X

Diabetes Knowledge (National Health and Nutrition Examination Survey-CDC) X X X X
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Study Assessments

Baseline 12 months 24 months 36 months

Cholesterol Knowledge (National Health and Nutrition Examination Survey-CDC) X X X X

Tobacco and Alcohol Use X X X X

Information Technology Usage (Pew Technology Use) X X X X

*
assessed only at baseline
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Table 3

Baseline demographics and clinical characteristics of participants

n
Overall

281
Control

143
Intervention

138

age in years, mean (SD) 61.89 (8.83) 61.33 (9.36) 62.47 (8.25)

Sex

 Female 136 (48.4) 75 (52.45) 61 (44.2)

 Male 145 (51.6) 68 (47.55) 77 (55.8)

Race

 Non-Hispanic white 116 (41.28) 60 (41.96) 56 (40.58)

 Non-Hispanic black 156 (55.52) 79 (55.24) 77 (55.8)

 Asian 2 (0.71) 0 (0) 2 (1.45)

 American Indian/Alaska Native 1 (0.36) 1 (0.7) 0 (0)

 Other/Hispanic 6 (2.14) 3 (2.1) 3 (2.17)

Education

 1st to 8th grade 4 (1.42) 2 (1.4) 2 (1.45)

 9 th to 11th grade 24 (8.54) 14 (9.79) 10 (7.25)

 12th grade or GED 62 (22.06) 34 (23.78) 28 (20.29)

 Associates degree (AA or AS) 22 (7.83) 11 (7.69) 11 (7.97)

 College 1 to 3 years 72 (25.62) 34 (23.78) 38 (27.54)

 College graduate 95 (33.81) 46 (32.17) 49 (35.51)

 Missing 2 (0.71) 2 (1.4) 0 (0)

Household income

 Less than $15,000 33 (11.74) 15 (10.49) 18 (13.04)

 $15,000-$29,999 49 (17.44) 27 (18.88) 22 (15.94)

 $30,000-$59,999 77 (27.4) 37 (25.87) 40 (28.99)

 $60,000-$89,999 59 (21) 32 (22.38) 27 (19.57)

 $90,000 or more 53 (18.86) 25 (17.48) 28 (20.29)

 Don’t know 6 (2.14) 4 (2.8) 2 (1.45)

 Refused 2 (0.71) 1 (0.7) 1 (0.72)

 Missing 2 (0.71) 2 (1.4) 0 (0)

Employment

 Employed for wages, full-time 80 (28.47) 40 (27.97) 40 (28.99)

 Employed for wages, part-time 10 (3.56) 6 (4.2) 4 (2.9)

 Self-employed 12 (4.27) 6 (4.2) 6 (4.35)

 Not employ ed for wages 7 (2.49) 5 (3.5) 2 (1.45)

 Retired, not working 97 (34.52) 46 (32.17) 51 (36.96)

 Retired, working part-time or more 26 (9.25) 15 (10.49) 11 (7.97)

 Unable to work or disabled 47 (16.73) 23 (16.08) 24 (17.39)

 No response/missing 2 (0.71) 2 (1.4) 0 (0)
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n
Overall

281
Control

143
Intervention

138

Tobacco use in the past 12 months

 No 233 (82.92) 120 (83.92) 113 (81.88)

 Yes 44 (15.66) 21 (14.69) 23 (16.67)

 Missing 4 (1.42) 2 (1.4) 2 (1.45)

Self-reported medical history

Diabetes

 No 3 (1.07) 2 (1.4) 1 (0.72)

 Borderline or pre-diabetes 12 (4.27) 6 (4.2) 6 (4.35)

 Yes 262 (93.24) 131 (91.61) 131 (94.93)

 Missing 4 (1.42) 4 (2.8) 0 (0)

Hypertension

 No 22 (7.83) 13 (9.09) 9 (6.52)

 Yes 256 (91.1) 127 (88.81) 129 (93.48)

 Don’t know 1 (0.36) 1 (0.7) 0 (0)

 Missing 2 (0.71) 2 (1.4) 0 (0)

Cardiovascular disease*

 No 237 (84.34) 118 (82.52) 119 (86.23)

 Yes 44 (15.66) 25 (17.48) 19 (13.77)

Chronic kidney disease**

 No 137 (87.82) 68 (83.95) 69 (92.0)

 Yes 17 (10.9) 11 (13.5) 6 (8.0)

 Don’t know 1 (0.64) 1 (1.23) 0 (0)

 Missing 1 (0.64) 1 (1.23) 0 (0)

High cholesterol

 No 84 (29.89) 42 (29.37) 42 (30.43)

 Yes 187 (66.55) 92 (64.34) 95 (68.84)

 Don’t know 6 (2.14) 6 (4.2) 0 (0)

 Missing 4 (1.42) 3 (2.1) 1 (0.72)

Blood preesure (BP) variables, mmHg, mean (SD)

Systolic BP (n=279) 134.33 (19.46) 133.55 (22.34) 135.14 (16.05)

Diastolic BP (n=279) 76.31 (13.53) 75.98 (14.95) 76.65 (11.96)

Mean Arterial Pressure (n=279) 71.33 (12.38) 71.07 (12.07) 71.6 (12.74)

BP ≥ 140/90

 No 176 (62.63) 93 (65.03) 83 (60.14)

 Yes 103 (36.65) 48 (33.57) 55 (39.86)

 Missing 2 (0.71) 2 (1.4) 0 (0)

BMI, kg/m2 (n=279), mean (SD) 35.66 (7.87) 36.15 (8.45) 35.16 (7.23)

Hemoglobin A1c, % (n=280), mean (SD) 7.97 (1.8) 7.98 (1.84) 7.96 (1.77)
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n
Overall

281
Control

143
Intervention

138

eGFR, ml/min/1.73m2, mean (SD) 80.7 (21.69) 80.09 (23.11) 81.33 (20.17)

eGFR categories

 0 – 44 15 (5.34) 9 (6.29) 6 (4.35)

 45 – 59 35 (12.46) 20 (13.99) 15 (10.87)

 60-89 133 (47.33) 68 (47.55) 65 (47.1)

 ≥90 98 (34.88) 46 (32.17) 52 (37.68)

Urinary ACR, mg/g (n=271), median [IQR] 30 [10-125] 30 [11-120] 30 [9-131]

Urinary ACR categories

 0 – 29 136 (48.4) 69 (48.25) 67 (48.55)

 30 – 299 100 (35.59) 52 (36.36) 48 (34.78)

 ≥ 300 35 (12.46) 16 (11.19) 19 (13.77)

 Missing 10 (3.56) 6 (4.2) 4 (2.9)

REALM score (n=273) 60.68 (8.97) 60.9 (8.29) 60.47 (9.63)

REALM categories

 ≤ 60 (limited health literacy) 75 (26.69) 38 (26.57) 37 (26.81)

 > 60 (normal health literacy) 198 (70.46) 99 (69.23) 99 (71.74)

 Missing 8 (2.85) 6 (4.2) 2 (1.45)

Medication adherence score 1.71 (1.62) 1.82 (1.73) 1.59 (1.5)

Medication adherence

 ≤ 2 (adherent) 182 (64.77) 87 (60.84) 95 (68.84)

 > 2 (non-adherent) 97 (34.52) 54 (37.76) 43 (31.16)

 Missing 2 (0.71) 2 (1.4) 0 (0)

*
Not self-report; ascertained from the electronic medical record

**
Among the 156 participants with chronic kidney disease (eGFR <60mL/min/1.73m2) or urinary ACR ≥ 30mg/g

Abbreviations: BP= blood pressure; BMI=body mass index; eGFR= estimated glomerular filtration rate; ACR= albumin-to-creatinine ratio; 
REALM= Rapid Estimate of Adult Literacy in Medicine
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