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Abstract

People of African ancestry (Blacks) have increased risk of kidney failure due to numerous
socioeconomic, environmental, and clinical factors. Two variants in the APOL1 gene are now
thought to account for much of the racial disparity associated with hypertensive kidney failure in
Blacks. However, this knowledge has not been translated into clinical care to help improve patient
outcomes and address disparities. GUARDD is a randomized trial to evaluate the effects and
challenges of incorporating genetic risk information into primary care. Hypertensive, non-diabetic,
adults with self-reported African ancestry, without kidney dysfunction, are recruited from diverse
clinical settings and randomized to undergo APOL 1 genetic testing at baseline (intervention) or at
one year (waitlist control). Providers are educated about genomics and APOL 1. Guided by a
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genetic counselor, trained staff return APOL 1 results to patients and provide low-literacy
educational materials. Real-time clinical decision support tools alert clinicians of their patients’
APOL 1 results and associated risk status at the point of care. Our academic-community-clinical
partnership designed a study to generate information about the impact of genetic risk information
on patient care (blood pressure and renal surveillance) and on patient and provider knowledge,
attitudes, beliefs, and behaviors. GUARDD will help establish the effective implementation of
APOL I risk-informed management of hypertensive patients at high risk of CKD, and will provide
a robust framework for future endeavors to implement genomic medicine in diverse clinical
practices. It will also add to the important dialogue about factors that contribute to and may help
eliminate racial disparities in kidney disease.
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Genetics; Chronic Kidney Disease; Disparities; African Ancestry; Race; Community-Based
Research

INTRODUCTION

While a growing number of initiatives integrate genetic testing into clinical care, few focus
on genetic risk factors for common chronic diseases, in part because there are few identified
genetic variants that increase the risk of such illnesses. New knowledge of genetic variants
that confer an increased risk of chronic kidney disease (CKD) has not been translated to
clinical care. We describe the design and implementation of a randomized trial exploring the
impact on patients, clinicians and clinical care, of incorporating genetic risk information for
CKD into the treatment of hypertensive adults of African ancestry (Blacks) in diverse
primary care settings. To our knowledge, this is the first genomic medicine program to
integrate genetic risk for a common chronic disease into primary care.

CKD is commonly associated with hypertension (28%) and affects 26 million adults in the
US. Blacks with hypertension have a 5-fold increased risk of end stage renal disease (ESRD)
compared to Whites. Previous studies have implicated the APOL 1 gene in increasing the
risk for CKD and ESRD [1]. This increased risk is conferred by two variants (G1 and G2) in
the last exon of APOL1[2, 3]. The presence of two APOL 1 risk variants confers a 5-fold
increased risk for hypertensive CKD and a 7-fold increased risk for hypertension-attributed
ESRD [1-4]. The added risk is lower among adults who also have diabetes [5, 6]. While one
in seven Black adults carry two APOL 1 risk variants [5, 6], these variants are nearly absent
in other populations. This is likely because the G1 and G2 variants protect against infection
with African trypanosomiasis (sleeping sickness) that is transmitted by tsetse flies in sub-
Saharan Africa. As the disease is endemic to Africa, these variants are almost exclusively
present in Blacks, in a manner similar to the high prevalence of sickle cell trait in regions
exposed to malaria [7].

While it remains critical to recognize the contribution of multiple factors, particularly social
determinants, to chronic disease disparities [8-15], genomic contributors also warrant
careful evaluation [16]. High-risk APOL 1 variants are thought to explain approximately
70% of the excess prevalence of CKD in Blacks [4]. As patients are not routinely screened
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for their APOL 1 status, it is unknown whether patient or clinician knowledge of this genetic
risk for CKD impacts patient care (i.e., renal surveillance, antihypertensive medication
intensification), patient affect or behaviors such as anxiety and medication adherence, or
patient outcomes such as blood pressure control and CKD.

GUARDD (Genetic testing to Understand and Address Renal Disease Disparities) is a
randomized trial designed to determine the effects and challenges of incorporating APOL 1
information into primary care management of Black adults with hypertension. Led by an
academic-community-clinical partnership, GUARDD was designed to assess primary
outcomes, including blood pressure reduction and renal surveillance, secondary psycho-
behavioral outcomes, and best processes to improve adoption of genomic medicine.

Study Overview

As shown in Figure 1, at participating clinical sites, study coordinators enroll eligible,
interested, consented patients, collect a baseline survey and clinical measures, and
randomize patients to immediate (intervention group) or delayed (control group) APOL 1
testing. Patients in the intervention group receive their results from study coordinators, and
the results are then sent to their primary care clinicians via an electronic health record (EHR)
best practice alert. All patients are scheduled to return for 3 and 12-month follow up visits
and control patients receive APOL 1 testing at 12 months. The study received Institutional
Review Board approval at all sites.

The study has two primary endpoints, comparing patients who are APOL 1 positive (high
risk) and APOL 1 negative at three months after enrollment. The primary aim is a renal care
endpoint, the correct utilization, by clinicians, of serum creatinine and/or urine albumin
tests. The primary sub-aim is reduction of systolic blood pressure. Secondary outcomes
include impact on primary outcomes at 12 months, psycho-behavioral differences of patients
between groups and over time, clinician knowledge, attitudes and beliefs at baseline and 12
months, and differences in outcomes between those tested and not tested. We will also
conduct focus groups with study participants after study completion to investigate their
experiences in more depth.

Stakeholder Engagement

Our team engages several stakeholder groups who planned and developed this
transdisciplinary, translational research program. Stakeholders include our core team of
genomics, health equity, community-based, chronic disease, informatics, and primary care
researchers, primary care providers, patients, community leaders, biostatisticians, and
experts in clinical decision support (CDS), genetic counseling, hypertension, APOL 1 and
CKD. GUARDD has a Community Board including community leaders of African ancestry,
clinicians and patients with the APOL 1 risk variant. They participated in designing the study
and conceptual framework, including eligibility criteria, consent procedures, patient and
clinician educational materials, surveys, and recruitment strategies and materials. They meet
on a monthly basis to discuss study status and challenges, using principles of community-
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based participatory research to guide their work and ensure meaningful participation [17,
18]. A Scientific Board, comprised of experts in APOL 1, genomics, health disparities,
genetic counseling, hypertension and CKD, reviews key study materials and decisions.

Recruitment sites—The study takes place in two large clinical entities. The Mount Sinai
Health System is a large integrated health system serving approximately 3.5 million patients,
with over 140 ambulatory practice locations in the New York City area. The Institute for
Family Health (IFH), a network of federally qualified health centers, provides
comprehensive, family practice-based care to over 100,000 patients yearly.

Development of Study Materials

Formative Research—To inform study design, surveys, and to pilot test consent forms,
return of results procedures, and patient and clinician education materials, we conducted and
analyzed semi-structured interviews with 15 primary care clinicians, and with 26 patients of
African Ancestry before they underwent APOL 1 testing and after receiving their test results
from a genetic counselor.

Survey Development—The GUARDD team developed patient and provider surveys to
ascertain knowledge, attitudes, beliefs and behaviors at study enrollment, at 3 and 12-month
follow up for patients, and at enrollment and 12-month follow up for clinicians. Guided by
literature review, results of the formative interviews and consultation with experts, the team
built a conceptual framework (see Results section) and developed surveys, primarily using
scales validated for use in diverse populations.

For the patient survey, we ask about general health [19], family history of hypertension and
kidney disease, comorbidities [20], beliefs about hypertension and kidney disease [21],
beliefs about medications [22], medication adherence [23], patient-provider relationship
including communication and trust and satisfaction [24]. We also ask about perceived racism
[25], patient activation [26], knowledge about genetics [27, 28], depression [29], general
anxiety [30], perceived stress [31], life chaos [32], social support [33], health literacy [34],
access to health care [35], diet and physical activity [36], health care utilization [37], and
demographics [36]. We developed items related to additional domains including genetic
testing, APOL 1 testing and anticipated reaction toward testing. Follow-up surveys added
items to assess reaction to the testing and results, test-related distress [38], satisfaction and
decision regret around testing [39, 40].

For the clinician survey, we assess history of receiving genetics education, perceived
knowledge of genetics and genomics [41-44], experience, comfort and concerns with
genetic testing for chronic disease risk [43], experience with APOL 1 genetic testing,
connections between ancestry and genetic risk for common disease, utility of genomic
medicine and CDS [41, 45], preferred type of CDS, and demographics. In the provider
follow-up survey, we add items to assess perceived utility and use of genomic CDS to help
care for patients who have APOL 1 genetic testing.

In an iterative manner, the team conducted in-depth pilot testing of the surveys among Black
community residents with hypertension, and with providers, and revised the surveys as
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needed. The final 166-item patient survey is approximately 30 minutes in length; the 45-item
clinician survey takes about 5 minutes.

Clinical measures—At baseline, 3 and 12 month follow-up, trained study coordinators
measure blood pressure digitally, taking three measurements, two minutes apart, discarding
the first measurement and recording the second and the third measurements to calculate a
mean blood pressure [46]. They measure weight with portable high capacity platform scales
and height with portable stadiometers. Measures of renal testing and medications prescribed
come directly from EHRs.

Testing and Return of Results—APOL 1 genetic testing is performed by a clinically
validated assay that interrogates the G1 (c.[1072A>G;1200T>G) and G2 (c.1212_1217del6)
variants by multiplex allele-specific primer extension bead-based genotyping (Luminex,
Awustin, TX). Testing is conducted in a Clinical Laboratory Improvement Amendments
(CLIA), New York State (NYS) approved,College of American Pathologists (CAP)
accredited clinical laboratory. Coordinators return results under the guidance of the study’s
genetic counselor who carefully trained and supervised them during their first return of
results visits. Patients receive a “positive” result if they are homozygous or compound
heterozygous for G1 and/or G2 variants, and a “negative” result if they are heterozygous G1
or G2 carriers or homozygous wild type. Patients with negative results have their results
returned over the phone, which takes about 10 minutes, but are invited to meet with the
study coordinator if desired. Patients with a positive result must come in for their results
during an approximately 15 minute visit. All patients are offered the opportunity to speak or
meet with the study’s genetic counselor, and all receive their genetic, blood pressure and
body mass index results with lay explanations in person or by mail along with a letter for
their provider. They receive an educational pamphlet with graphics. After returning results to
the patient, coordinators activate a dataflow pipeline (see next section), which triggers a best
practice alert containing the results that fire at the next clinician’s encounter with the patient.
The team chose to have coordinators return all results to ensure that all patients would
receive standardized information about their results in a timely manner. This entire process
was informed by the formative interviews, developed in partnership with the Community
Board and our experts, tailored by and for patients of African ancestry and for low-literate
populations, and extensively piloted and revised.

Clinical Decision Support and Data Flow—GUARDD is designed to inform
clinicians of their patients’ APOL 1 results and associated risk of CKD at the point of care,
without the need for explicit look up, and with recommendations pertaining to management
of hypertension and monitoring of renal function. Our CDS delivers GUARDD best practice
alerts that are crisp yet informative, and have one-click links to study-specific provider and
patient information. There is privacy-protected, accurate dataflow between the EHR, genetic
testing lab and study collection team. CLinical Implementation of Personalized Medicine
through Electronic health Records and Genomics (CLIPMERGE), our independent CDS
engine with bi-directional real-time communication with the EPIC EHR systems [47]
receives data from participants’ EHRs and data collected by study personnel. CLIPMERGE
is implemented in a Cloud instance with secure communications to the participating sites’

Contemp Clin Trials. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Horowitz et al.

Page 6

EPIC servers. The team built a Research Electronic Data Capture (REDCap) software
database [48] to support the necessary workflow including study recruitment, randomization,
collection of genetic test results, clinical measures and surveys. We customized this secure
platform to include: (1) A list of eligible study participants, as per EPIC data queries; (2)
Fields for participant demographics that can be supplemented by recruiters; (3) Set logic to
determine subject eligibility based on screening questions by recruiters; (4) Randomization
scheme, uploaded prior to the beginning of the study; (5) Follow-up information and
scheduling using REDCap’s longitudinal module, calendar and scheduling functionalities;
(6) Customizable report builder for coordinators to monitor and track their patients and build
calendars to show all baseline, follow-up, return of results, patient intercept and reminder
call activities; and (7) Complex report builder for the study leads to track and analyze study
progress using R software [49-51].

As shown in Figure 2, eligible patients are identified by custom EHR queries. Their contact
information flows into REDCap, where a subject numbering scheme allows re-identification
when necessary to support patient contact or data transmissions in and out of the EHR.
When patients undergo the genetic test, their de-identified specimens are sent to the CLIA-
certified Mount Sinai Genetic Testing Lab, which populates in REDCap via CLIPMERGE
so that results can be returned by the study team. Once the study team returns the results to a
participant, CLIPMERGE integrates this into the EHR. When a participating primary care
provider opens an encounter, CLIPMERGE determines within one-half second whether an
alert should be sent, and if so, formulates and returns a GUARDD alert to EPIC (Figure 3).
Alerts were carefully developed for readability and ability to easily differentiate positive
from negative results, accompanied by recent blood pressure readings. The alert includes
links to information pages for providers and patients with one-click access and one-click
printing. Once the alert is presented to a provider, CLIPMERGE files the result in EPIC
under Lab Results in a Genetics folder, so clinicians can easily find the result at any time.

Clinician Recruitment and Data Collection—Clinicians at all participating sites are
informed about GUARDD and enrolled into the study during regularly scheduled group
clinical meetings. A medical geneticist presents a brief education session about GUARDD
study, including background information on hypertension, CKD, APOL 1, and potential
outcomes. Clinicians who consent to enroll their patients sign a letter, which the team sends
to patients inviting them to join the study. Clinicians then fill out a baseline survey. Those
who have not attended one of the information sessions are approached individually for
education about GUARDD and enrollment into the study.

Participant Recruitment—We identify patients who meet our eligibility criteria through
EHRs and confirm eligibility before enrollment. Inclusion criteria are: (1) Self-identified
African American/Black or having African ancestry; (2) Age 18-70 years; (3) An ICD-9
diagnosis of hypertension (401.XX 402.XX AND 405.XX) and/or taking anti-hypertensive
medications, and/or 2 systolic blood pressure readings >140 or 2 diastolic readings > 90 at
least six months apart; and (4) Receiving primary care from one of the participating clinical
sites. Exclusion criteria are: (1) Diabetes; (2) CKD; (3) Pregnancy; (4) Non-English
speaking; (5) Planning on moving out of the area during the study period; (6) Having
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cognitive impairment; and (7) Not community dwelling. Coordinators mail potentially
eligible patients a recruitment letter, call those who have not declined in response to the
letter, and schedule enrollment. They call patients a minimum of 12 times, at least once in
the evening and once on a weekend, and if not available, contact their listed next of kin.

To enhance recruitment, the team implements additional strategies, all developed in
partnership with our community board, including study flyers, large poster boards and TV
monitor advertisements in clinic waiting areas. We created a profile of the study on
Team4Cure, a patient-centric web-based application (app) for patient recruitment into
research trials [52]. These strategies also allow the patients with no listed race in our
databases to self-identify as having African ancestry and enroll. We receive daily lists of
clinic appointments so recruiters can intercept patients, assess their interest and eligibility,
and enroll them. We also ask providers to refer eligible patients.

Recruiter training—Study procedures, protocols, and recruitment and return of results
scripts are documented in a recruitment manual, which was the basis of study coordinator
training. Coordinators are either of African ancestry or from the communities where we
recruit patients, are trained in all aspects of human subjects protection, recruitment, consent,
survey administration and clinical measures including genetic testing. As part of their
training, coordinators learn procedures proven effective in recruiting minority patients and
interview mock patients to receive feedback [53-60]. We hold biweekly recruiter meetings
to discuss recruitment progress, highlight successful techniques, and brainstorm ways to
handle difficult situations that arise.

Data Collection and Randomization—Study coordinators enroll patients and collect all
study data, entering it directly into REDCap. Enrollment visits are scheduled around
patients’ availability, including evenings and weekends. Study coordinators send reminder
letters, and place reminder calls or text messages the day before the visit. During initial 1.5
hour visits, coordinators obtain informed consent, administer the survey, obtain clinical
measures, and collect venous blood (or if not possible, saliva [62]) for genetic testing if the
participant is randomized to the intervention. Randomization is stratified by the clinical site
to create balanced in-group assignment and eliminate the risk of cross-contamination
between facilities. The randomization schedule using block design is generated using SAS
9.3 software [63]. Coordinators receive the assignment for each participant via REDCap
after baseline data collection is complete, so study assignment does not impact participants’
responses to the survey. They obtain alternate contact numbers and desired method of
communication (phone, mail, text, e-mail) for each participant. Participants receive a form
with their biological measurements, dates for their return of results contact, 3-and 12-month
follow-up visits, and $40 in gift cards to a local retailer of their choice.

Retention/Follow-Up Visits—To help maintain high retention rates, we facilitate
relationship building as coordinators are assigned to specific participants, mail them
personalized birthday cards, and call them at 9 months after enrollment to check in. For
those difficult to reach for follow-up visits, coordinators intercept patients when they come
for clinical care and/or send a return receipt letter asking patients to call back.
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Primary Endpoints and Sample Size—Outcome measures will be compared among
three arms of the GUARDD study, the APOL I-positive and APOL I-negative intervention
groups, and the control group. The study was designed to randomize 2050 patients to
intervention or control in a 7:1 ratio. Of the 1800 intervention patients, approximately 250
will test positive. We will thus have approximately 250 high risk, 250 control, and 1550 low
risk patients. The sample size for the study was calculated assuming a 10% improvement in
practice guideline-appropriate renal function test ordering in the APOL 1-positive group
(40% estimated) vs. APOL 1-negative group (30% estimated) to yield 87% power to detect
the difference of interest using a two-sided chi-square test. The blood pressure sub-aim,
5mmHg improvement in systolic blood pressure at 3-month follow up in APOL 1-positive
compared with APOL 1-negative group, can be detected with 95% power.

Formative research and piloting revealed several important factors that guided our study
design and materials, and could inform similar studies. Study development also led to
construction of a conceptual framework (Figure 4) to guide instrument development and our
approach to patients and clinicians. The framework was based on the Common Sense Model
[64, 65], developed in close collaboration with our advisory board and experts in genomic
risk communication. It shows that patient and provider demographics and other health-
related characteristics influence mediators such as knowledge, attitudes and beliefs about
genetics, hypertension, and CKD. It also recognizes that these characteristics may
independently impact outcomes. Mediators in turn impact patient and provider behaviors
(processes) that are needed to impact outcomes. GUARDD, which is delivered to both
patients and clinicians, focuses on risk communication and behavior change education
targeting the listed patient and provider mediators, processes and outcomes.

Through study development, our advisory boards and formative research, we also uncovered
important patient and clinician preferences for study content and conduct. We found that
patients had several strong preferences. First, they asked for written results and information
about hypertension, CKD, and APOL 1; what they could do to prevent CKD, and if they are
at high-risk, a glossary of terms; ways to talk to their doctor with this new information; and a
blood pressure log. Second, they asked that we focus on specific details on what the test
would mean for them. Third, they wanted the information from a trusted source, which
could be their clinician, a genetic counselor, or a trained person from their background or
community.

We also uncovered important clinician preferences. Clinicians asked us to provide a quick
alert on their computers with the test result, and links to what genetic testing and APOL 1
mean, and to materials they could give patients. Second, they preferred to receive very brief
trainings on this information (minutes, not hours). Finally, they wanted the study team to
make sure all patients received the results, as we were ordering the tests (the clinicians were
not), but that we provide clinicians with the results as soon as their patients have received
them.
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DISCUSSION

The GUARDD study is designed to generate essential insights for sustainable adoption and
large-scale dissemination of genomic medicine in diverse clinical settings providing care for
common adult-onset diseases in general, and for underserved African Ancestry populations
with large excess burden of non-diabetic kidney diseases specifically. GUARDD is a
randomized controlled trial that tests patients of African ancestry for genetic variants that
increase their risk of kidney failure, returns results to patients and providers (through EHRS),
and evaluates impact on patients, providers, and clinical care. The study was developed in
close partnership with patients, advocates and clinicians of diverse socioeconomic status, in
diverse clinical settings, and uses mixed methods to plan the study and to evaluate impact.

For patients, the study is designed for and with people of African ancestry, to test the impact
of sharing genetic information in the management of hypertension. In doing so, we are
providing this priority population access to advances in science that may ameliorate the
disproportionate prevalence and burden of chronic disease it faces. GUARDD’s procedures
and materials are developed for and with diverse individuals of diverse educational and
socioeconomic backgrounds. The team of recruiters, from the background and communities
of the patients, employs low-literacy, engaging, easy to understand materials, flexible
recruitment times and places, multiple methods of contact, including in-person, phone, text
and via an app. Through carefully designed qualitative interviews and quantitative surveys,
we will be able to determine the impact of genetic testing and return of results on patients’
attitudes, beliefs, behaviors and outcomes. Will patients, knowing they have a genetic
variant, feel empowered or stigmatized? Will they engage in care to control their blood
pressure, of feel they are doomed to renal disease and become less adherent? GUARDD
should answer these questions. Race is a social construct, but ancestry has important
biological implications, and GUARDD explicitly acknowledges and studies both.

For primary care providers, GUARDD is an opportunity to incorporate genomic medicine
into their everyday practice and to do so in the context of a common chronic illness.
Providers practicing today have had little if any training in discussing and addressing genetic
and genomic risks with patients [66, 67], yet they will need to advise patients about the
genetic and genomic aspects of disease. Will such testing fit neatly into the arsenal of other
lab tests, such as renal function, so that clinicians will merely share patients’ risks with little
explanation as to what kind of test it is? Will clinicians need to engage patients in
discussions about genetics and genomics as part of testing? Providers need to be prepared to
work with patients, and the medical community will need information on how best to
efficiently and effectively weave this work into their busy practices, information we aim to
provide through this study. Are clinicians prepared for genomics in primary care? GUARDD
was built with clinical partners so that these questions and challenges can be asked and
addressed.

For health systems, we developed a CDS system that exceeds the capabilities typically
available within commercial EHRs. This includes storing actionable genetic results, holding
back the filing of these genetic results in the EHR (while allowing other clinical genetics
results to file), and providing an external CDS engine that can support complex decision and
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timing rules. We developed the content and format of GUARDD alerts based on user
feedback during the formative stage of the project, and did so alongside front-line providers
and clinical leaders of large, busy practices, so that their use could easily continue after the
research is completed.

There is a paucity of research that adequately includes Blacks and adults with limited
resources [68—70]. Yet, these populations have the poorest outcomes from common, chronic
illnesses such as CKD, and are least likely to benefit from diagnostic and therapeutic
advances [71, 72]. Translational genomic research also should take into account real-world
primary care operations, and the need for real-time, point-of-care integration of test results
with the EHR using CDS tools [73-75]. Hypertension-associated CKD and APOL 1 genetic
risk in Black populations is a highly relevant and well-suited opportunity for a ‘prototype’
genomic medicine demonstration project for common chronic illnesses managed in primary
care settings. The approaches described to develop, conduct, and analyze this study provide
a framework to implement genomic medicine in diverse clinical settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GUARDD study: Systems and Data Flow
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Figure 2.
Systems and Data Flow supporting the GUARDD Study
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Genomic Medicine -- GUARDD Study
POSITIVE RESULT:

This patient has INCREASED RISK for END STAGE KIDNEY FAILURE, according to APOL1 genetic
testing (result: APOL1 G2/G2)

Evidence suggests that good blood pressure control and renal function testing may forestall
kidney failure.
Recent blood pressure readings for this patient were:

2014-09-28  2014-09-28  2014-09-18

138/100 12080 120/80

Click here for provider information,

Click here for patient materials,

Note: These results will be filed under Labs / Genetics.

Figure 3.
GUARDD Best Practice Alert
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INTERVENTION (delivered to patients and clinicians)
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Conceptual Framework
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