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Abstract

Rationale and Objective: APOL1 risk alleles are associated with increased cardiovascular 

and chronic kidney disease (CKD) risk. It is unknown whether knowledge of APOL1 risk status 

motivates patients and providers to attain recommended blood pressure (BP) targets to reduce 

cardiovascular disease.

Study Design: Multicenter, pragmatic, randomized controlled clinical trial

Setting and Participants: 6650 individuals with African ancestry and hypertension from 13 

health systems.

Intervention: APOL1 genotyping with clinical decision support (CDS) results are returned 

to participants and providers immediately (intervention) or at 6 months (control). A subset 

of participants are re-randomized to pharmacogenomic testing for relevant antihypertensive 

medications (pharmacogenomic sub-study). CDS alerts encourage appropriate CKD screening and 

antihypertensive agent use.

Outcomes: Blood pressure and surveys are assessed at baseline, 3 and 6 months. The primary 

outcome is change in systolic BP from enrollment to 3 months in individuals with two APOL1 risk 

alleles. Secondary outcomes include new diagnoses of CKD, systolic blood pressure at 6 months, 

diastolic BP, and survey results. The pharmacogenomic sub-study will evaluate the relationship of 

pharmacogenomic genotype and change in systolic BP between baseline and 3 months.

Results: To date, the trial has enrolled 3423 participants.

Conclusions: The effect of patient and provider knowledge of APOL1 genotype on systolic 

blood pressure has not been well-studied. GUARDD-US addresses whether blood pressure 

improves when patients and providers have this information. GUARDD-US provides a CDS 

framework for primary care and specialty clinics to incorporate APOL1 genetic risk and 

pharmacogenomic prescribing in the electronic health record.
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Trial registration: ClinicalTrials.gov NCT04191824
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Introduction

Background and rationale:

Approximately 150 million Americans have hypertension including 57% of all African 

Americans1. Only half achieve desired control of blood pressure1, 2. Hypertension and 

chronic kidney disease (CKD) are inextricably linked as the prevalence of hypertension 

increases with CKD severity3. In turn, CKD increases the cardiovascular mortality of 

individuals with uncontrolled hypertension4, 5.

One in seven individuals with African ancestry are homozygous for risk alleles of the 

Apolipoprotein L1 (APOL1) locus. Homozygosity for the G1 and G2 alleles of APOL1 
confers a high-risk genotype (APOL1-HR) for CKD progression. These high risk genotypes 

are nearly absent in populations without African ancestry6 and explain up to 70% of the 

excess prevalence of CKD and end-stage kidney disease (ESKD) in hypertensive individuals 

of African ancestry7–10. APOL1 risk alleles do not significantly increase the incident risk 

of CKD in hypertensive diabetics; however, among those with prevalent CKD, APOL1 risk 

alleles exacerbate progression to ESKD regardless of the presence of diabetes mellitus8. 

CKD and ESKD are both key drivers of cardiovascular disease4. Strict blood pressure 

control is associated with improved cardiovascular mortality in African Americans with 

APOL1-HR genotypes11.

GUARDD-US builds upon a prior pilot study conducted in New York city at 2 sites12. The 

pilot study randomized 2050 adults of African ancestry with hypertension but without CKD 

(eGFR>60 ml/min and no albuminuria) to undergo immediate (intervention) or delayed 

(waiting list control group) APOL1 testing with return of results by trained staff in a 

7:1 ratio. The co-primary outcomes were change in the 3-month systolic blood pressure 

and 12-month microalbumin screening between intervention patients with APOL1-HR 
genotypes and low-risk APOL1 genotypes (APOL1-LR). Secondary outcomes compared 

these outcomes between intervention APOL1-HR patients and controls. The blood pressure 

change from baseline at 3 months was significantly higher in APOL1-HR (6 mm of Hg) vs. 

APOL1-LR (3 mm of Hg) or controls (3 mm of Hg), however, this change was not sustained 

at 12 months. At 12 months there was a non-significant 12% increase in urine microalbumin 

testing among patients with APOL1–HR, 6% with APOL1-LR, and 7% in controls. Patients 

with APOL1-HR reported more changes in lifestyle and more frequent antihypertensive 

medication use.

GUARDD-US expands upon this prior study by including individuals with and without 

CKD in a multi-institutional environment. The primary outcome of the pilot study compared 

systolic blood pressure in APOL1-HR individuals to APOL1-LR individuals. In the 

multicenter study, systolic blood pressure is compared between APOL1-HR individuals 
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with immediate or delayed genotyping. Hypertension management requires coordinated 

efforts between patients and providers (physicians, nurse practitioners, and other health 

care personnel who manage antihypertensive medications). Patients control their dietary 

salt intake, exercise regimen, and adherence to prescribed medications. Trust between 

patients and providers is particularly important in individuals of African ancestry because 

racial disparities in CKD have been associated with perceived racial discrimination, social 

determinants, and poor blood pressure control13–23. In the prior pilot study24, patients 

felt that knowledge of their APOL1 related-risk of CKD helped to counter stereotypes of 

non-adherence or low-literacy and provided the impetus for themselves and their providers 

to better achieve hypertension goals12, 25.

Objectives:

The clinical indications warranting APOL1 testing are evolving26, 27. It is not yet known 

whether disclosure of APOL1 risk will impact clinical care, patient behaviors, or patient 

outcomes. The Genetic Testing to Understand and Address Renal Disease Disparities Across 

the United States (GUARDD-US) tests the hypothesis that knowledge of APOL1 genotype 

will lead to improved blood pressure control in individuals with two risk alleles. The study 

is a part of the National Human Genome Research Institute (NHGRI)’s Implementing 

Genomics in Practice (IGNITE) network which seeks to enhance the use of genomic 

medicine in clinical care and explore methods for effective implementation, diffusion and 

sustainability in diverse clinical environments28. By December 2021, the trial had enrolled 

3,423 individuals with a goal of 6,650 by June 2023.

Methods

Trial design:

GUARDD-US is a multicenter, unblinded, dual-arm, pragmatic randomized controlled trial 

that will randomize 6650 or more individuals with hypertension and African ancestry to 

immediate or delayed APOL1 testing (Figure 1). The primary aim is to determine the effect 

of participant and provider knowledge of the APOL1-HR genotype on a change in systolic 

blood pressure from baseline to 3 months. Secondary aims include an appropriate CKD 

diagnosis entered into the electronic health record (EHR), urine microalbumin/ creatinine 

testing, appropriate use of angiotensin converting enzyme inhibitors (ACE-Is) or angiotensin 

receptor blockers (ARBs) in subjects with CKD, as well as cost effectiveness, mediators, 

moderators, and psycho-behavioral impacts of result disclosure. A subset of individuals with 

the APOL1-LR genotype are re-randomized to a pharmacogenomic sub-study as described 

below. The study significantly expands upon a prior single center GUARDD pilot study 

because it is powered to compare individuals with high-risk genotypes in the intervention 

group to those with high-risk genotypes in a control group and includes individuals with or 

without CKD24.

The study innovates in several respects. First, stakeholder and community engagement 

are paramount as described below. Second, the intervention is patient oriented as clinical 

research coordinators (CRCs) are trained to return results directly to participants in addition 

to providers. Finally, actionable clinical decision support (CDS) and best practice advisories 
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(BPAs) were developed to aid primary care providers, nephrologists, and other specialists 

managing hypertension29. These BPAs include recommendations for CKD screening in 

individuals with high-risk variants or to provide disease modifying therapies such as ACE-

Is/ARBs to those with early CKD.

Intervention:

The intervention for GUARDD-US is a combination of the return of results to participants 

and the CDS to providers. These two components are designed to enhance awareness 

of disease risk as it relates to the APOL1 genotype and prompt clinicians to achieve 

recommended blood pressure goals to reduce risk in those with APOL1-HR genotypes.

Setting:

Subjects are recruited from diverse primary care, nephrology, and cardiology clinics in 

academic, community, and safety-net health systems in urban and rural areas across the US. 

The IGNITE Network members include Duke University as the coordinating center (CC), 

and 13 health systems spanning 10 distinct regions (Figure 2).

Eligibility and informed consent:

Inclusion criteria include: (1) self-identified African American/Black/Afro-Caribbean/Afro-

Latino or having any African Ancestry; (2) English speaking; (3) age 18–70 years; (4) 

diagnosed hypertension (ICD 10 codes or on problem list, and/or on antihypertensive 

therapy, and/or 2 systolic BP readings >140); (5) seen at least once in the past year at a 

participating primary care or specialty practice. Exclusion includes: (1) diabetes without 

CKD (eGFR < 60 ml/min per 1.73 m2 or microalbumin/proteinuria level >30 mg/g for 3 

or more months; (2) ESKD (on dialysis or eGFR<15 ml/min); (3) terminally ill (metastatic 

cancer, palliative care or hospice); (4) declared pregnancy; (5) liver, kidney, or bone marrow 

transplant; (6) too cognitively impaired, ill or institutionalized to provide informed consent 

and/or complete study protocol; (7) plan to move out of the area within 6 months of 

enrollment; (8) not receiving care for their hypertension at a participating site; and (9) 

previous APOL1 testing. CRCs review all criteria and obtain informed consent.

Overall Study Flow:

The overall study flow is depicted in Figure 1. Participants are recruited from eligible 

clinics at one of the 13 health systems. After consent, participants are randomized to the 

intervention or control arms. All participants then undergo three study visits over 6 months. 

At baseline, all subjects have blood pressure measured, complete a baseline survey, and 

receive an educational booklet with information about hypertension, kidney disease, and 

APOL1 testing. All participants are advised to speak with their provider if their BP is greater 

than 140/90 mm Hg. Subjects with a systolic blood pressure above 180 or diastolic BP 

above 100 are contacted by a study investigator with clinical experience to direct the subject 

to receive additional care if medically indicated. All subjects provide a sample for APOL1 
genotyping. Both arms return at 3 and 6 months to undergo follow-up surveys and blood 

pressure measurements. Samples are analyzed immediately in the intervention arm and at 

6 months in the control arm; thus, all subjects ultimately receive their APOL1 genotype 
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status. Once analyzed, CRCs review genotype results and their health implications with 

participants immediately after the genotype is available in the intervention arm and at the 

6-month follow-up visit in the control arm.

Clinical measures:

At baseline, 3- and 6-month follow-ups study visits, CRCs measure BP and pulse digitally, 

three times each 2 minutes apart30. BP is obtained from participants in an upright seated 

position, legs uncrossed, with back straight and supported, feet flat on the floor, and the 

arm supported on a surface at the level of the heart with palm facing up. Most study 

participants have their blood pressure measured with a study-specific Omron HEM-907XL 

monitor with one of four cuff sizes. The cuff size used is determined by the patient’s upper 

arm circumference31. Participants are asked to remove long shirt sleeves (not roll them), 

remove jewelry or other implements, and select the preferred arm for measurement. The 

same arm and cuff size are used throughout the study. BP measurement is avoided on arms 

with a contraindication, such as an arteriovenous fistula or prior major surgery. For the day 

of the study visit, participants are instructed to take their blood pressure medications as 

normally prescribed. In certain circumstances a wrist cuff (A&D UB-543) is used, but only 

in the event that a subject’s arm is too big to fit the extra-large HEM-907XL cuff or if an 

error is repeatedly obtained using the Omron monitor32. All cuffs undergo validation with 

standards set by the Association for the Advancement of Medical Instrumentation, British 

Hypertension Society, and European Society of Hypertension-International Protocol33.

CRCs were trained on measuring BPs by video, PowerPoint slides, and one-on-one 

supervision to learn how to obtain BPs according to the study’s manual of operations. The 

first training session was performed at an IGNITE kickoff meeting. Newer CRCs review 

the content from this meeting and are observed and tested for competency by senior study 

team members before they conduct study visits. Of the 3 BP and pulse readings, the first 

measurement is discarded, while the second and third are recorded in the database and 

averaged to generate the official study blood pressure and pulse measurement. Measures 

of renal function are obtained from the EHR. APOL1 testing (from a blood, saliva or 

buccal swab sample) is performed at baseline in the intervention arm. Specimens are 

transferred to a Clinical Laboratory Improvement Amendments (CLIA) certified laboratory 

to interrogate for APOL1 G1 (rs73885319 and rs609101) and G2 (rs71785313) variants. 

Those homozygous or compound heterozygous for G1 and/or G2 are defined as “high-risk” 

of CKD (APOL1-HR); those heterozygous G1 or G2 carriers or homozygous wild type are 

defined as “low risk” of CKD result (APOL1-LR).

Surveys:

The Genomic Medicine Integrative Research (GMIR) framework served as the foundation 

of the surveys.34 For the patient survey at baseline, 3 and 6 months, we ask about 

general health35, comorbidities, family history of hypertension and kidney disease36, beliefs 

surrounding hypertension, kidney disease37, medications38, medication adherence39, and the 

patient–provider relationship40. We ask about contextual factors: impacts of the COVID-19 

pandemic41, perceived racism42, patient activation43, knowledge about genetics44, 45, 

depression46, general anxiety47, perceived stress48, social support49, health literacy50, access 
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to health care51, diet and physical activity52, health care utilization53, and demographics52. 

Participants are asked about knowledge, attitudes, and life-style changes surrounding 

genetic testing, APOL1 testing, and anticipated reactions to testing and results54–56. For 

a medication inventory, participants are asked to bring all prescription medications or a list 

of these. The provider baseline survey focuses on experience with pharmacogenetic testing, 

genetic testing for chronic conditions, knowledge of genetic testing results, and impacts on 

the patient-provider relationship57–61.

Main study endpoints and sample size:

The primary outcome compares changes in systolic BP in APOL1-HR participants in 

the control arm with APOL1-HR participants in the intervention arm at 3-months post 

enrollment. Secondary outcomes include diastolic BP and BP measured 6-months post 

enrollment (3 and 6-month visits may occur up to 42 days after the projected dates).

Using data from the pilot GUARDD study and 2 other studies8, 62, a 14% prevalence 

of APOL1-HR individuals was assumed. The approximately 6650 participants are 1:1 

randomized (3325 in each arm), with an expected 931 being APOL1-HR (approximately 

466 in each arm). Using a two tailed t-test with a 5% level of significance, 10% 

lost to follow-up, one interim analysis (adjusted using Lan-Demets spending function 

approximating O’Brein-Fleming boundaries), and a standard deviation of 18.1 mm of Hg 

for SBP (from pilot GUARDD12), a sample size of 6650 with 931 APOL1-HR participants 

will detect a 3.5 mm Hg difference in SBP from baseline to the 3-month follow-up between 

the APOL1 intervention and control arms with at least 80% power.

An additional secondary outcome is the inclusion of an appropriate ICD10 diagnosis of 

CKD entered into the EHR which corresponds with estimated glomerular filtration rate or 

proteinuria. Providers do not include CKD on the problem list of 40% of patients with 

laboratory evidence of CKD, and there is widespread patient unawareness of CKD. Urine 

protein tests, essential for early diagnosis and prognosis of CKD, are missing in up to 30% 

of participants with CKD. Utilization of urine microalbumin testing is a secondary outcome 

as well. Disclosure of APOL1 results could increase CKD diagnosis and treatment, and 

impact hypertension treatment through increased clinician action or changes in patients’ 

behaviors.

Statistical methods:

To determine the effect of knowledge of APOL1-HR status on SBP, the change in SBP 

from baseline to 3 months in the Intervention APOL1-HR group, will be compared to 

the change in SBP from baseline to 3 months of the Control APOL1-HR group using a 

two-sided t-test with a two-sided type I error of 0.025. Participants that are APOL1-LR 
in both the Intervention and Control groups will not be included in the primary analysis. 

The primary analysis will be conducted according to the principle of intention-to-treat (ITT) 

with participants analyzed and endpoints attributed according to the treatment arm to which 

the participants were randomized, regardless of subsequent crossover or post-randomization 

medical care within the pre-specified subset of APOL1-HR participants.
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Participant Return of Results:

The goal of participant return of results is to ensure the participant is aware of their APOL1 
genotype, its associated phenotype, and what actions they can take to reduce their risk 

(if they have a high-risk genotype). Once genotype results are available, CRCs generate a 

personalized patient-oriented educational document about their result and review the result 

and its clinical implications with the participant over the phone. To ensure comprehension, 

CRCs employ the participant teach back method, asking patients to explain the results, and 

provide clarification when needed. The personalized results document is shared via mail 

and/or email. In addition, participants are given the option to speak with a genetic counselor 

or physician with relevant expertise about their results at no charge.

Provider Clinical decision support (CDS):

The goal of CDS is to ensure that providers are aware of the participant’s APOL1 
genotype (i.e. no high risk variants, 1 high risk variant, or 2 high risk variants), the 

clinical implications of their phenotype, and risk management recommendations based on 

their medical conditions, blood pressure readings, and current medications. The CDS was 

designed by a CDS committee comprised of study personnel with expertise in informatics, 

hypertension, and chronic kidney disease to optimize both process and content. Given that 

this multi-site study engaged a wide variety of health systems with different capabilities, 

EHRs, and expertise, the CDS core features were defined by the committee with example 

implementations; but each site ultimately determined how to implement. The CDS core 

features included 1) actions to recommend based on genotype, CKD status, blood pressure, 

and microalbumin testing, 2) wording of clinical decision support for each actionable event, 

and 3) timing of the alert. Examples of CDS algorithms with actions are show in Table 

1 for those with a high-risk genotype. An overview of CDS design and development has 

been published29. Ultimately, sites chose one of two primary implementation pathways: 

fully electronic using best practice alerts or manual using clinical notes with provider 

messaging. There were, of course, nuanced differences between health systems even within 

one pathway (such as electronic) but these were small compared to the larger infrastructure 

differences between the electronic and manual pathways. Both pathways started with a 

discrete genotype result. In the electronic pathway, the genotype result prompts analysis of 

other EHR variables (blood pressure, microalbumin, medical conditions) needed to specify 

the appropriate best practice alert. The alert is then automatically presented the next time 

the provider opens the participant’s chart (interruptive alert). In the manual pathway the 

genotype result is received by the study team from the laboratory and manually entered 

as a discrete laboratory value. At the same time the study team reviews the chart, follows 

the algorithm, and determines which CDS content should be presented to the provider. The 

content is then uploaded in the participant’s chart as a clinical note and the provider alerted 

to review the note. The published CDS algorithms for the pharmacogenomics sub-study 

mirrors that of the primary study29.

The effectiveness of the study’s intervention depends on health professionals viewing and 

acting on CDS. Orders such as microalbumin screening and antihypertensive agent initiation 

are embedded within the CDS alerts so that providers can order these from the alert itself. 

Providers are educated at the beginning of the study, but all prescriptions and orders are 
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made at their behest. To understand CDS fidelity, the consortium has an EHR workgroup 

which will measure prescribing and ordering behavior of practitioners at the conclusion of 

the study. Such information will facilitate assessment of the CDS implementation efficacy.

Clinician recruitment:

Providers (physicians, nurse practitioners, physician assistants) from participating sites 

receive a brief presentation, information sheet, or email with study background and details. 

Providers are then emailed a link to complete a baseline survey.

Participant recruitment:

A computable phenotype-based search identifies patients that meet specific EHR criteria 

and CRCs verify these through screening questions and EHR review. According to local 

requirements, CRCs may mail potentially eligible participants a recruitment letter on behalf 

of their provider and/or practice. If they do not decline participation, CRCs attempt to 

contact these individuals by phone. In some clinical sites, mailing participants is not 

required. Using a Research Electronic Data Capture (REDCap) database63, upcoming clinic 

appointments for potentially eligible participants are added to the calendar so CRCs can 

meet them at a clinic visit (i.e., clinic intercept). CRCs distribute personalized study flyers 

and business cards and use recruitment scripts which have been vetted by study stakeholder 

partners. Providers are encouraged to refer their eligible patients. Regardless of the method 

of initial contact, CRCs then discuss the study and screen them for enrollment. If interested 

and eligible, CRCs review and obtain informed consent.

Recruiter Training, Recruitment and Retention:

CRCs are extensively trained in recruitment, consent, survey administration, clinical 

measures, specimen collection for genetic testing, return of results, and REDCap data entry 

all of which are documented in a study manual of procedures64. Clinical groups target 

recruitment of coordinators with African ancestry, from the communities where patients 

are recruited or experienced in working with diverse populations. As part of their training, 

CRCs learn procedures proven effective in recruiting diverse patients and interview mock 

patients and/or are observed by experienced study personnel during the initial training 

period to receive feedback. Across the Network and within sites, CRC meetings are held to 

discuss recruitment progress, highlight successful techniques, and brainstorm ways to handle 

difficult situations that arise.

To best retain participants, CRCs personalize all their interactions with participants, attempt 

intercepts at clinical visits, and reach out to alternative contacts when necessary. Participants 

receive a $40 gift card (or cash) after each visit and some sites provide transportation. 

Evening and weekend visits are available. Sites use weekly data reports to track enrollments, 

declines, ineligibles, patients who have been contacted at least once, patients who have 

been scheduled for future enrollment, and patients who have not showed to study visits, 

stratified by enrolling site and by research coordinator. This allows teams to highlight and 

learn from successes, address individual, site and other challenges, and engage stakeholders 

including community members, clinicians and the broader IGNITE membership to strategize 

solutions. For example, teams revised recruitment scripts and approaches during the 
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COVID-19 pandemic to address participant-identified concerns about safety of study visits 

and the focus on African ancestry individuals.

Randomization and Blinding:

Eligible patients are randomized in a 1:1 allocation to the APOL1 genotyping intervention 

or control arm with stratification according to clinical site, and block randomization within 

each site. Participants, providers, and study personnel are not blinded to randomization 

assignments since genotype results are deposited in EHRs, and the primary aim is BP 

control following the knowledge of risk results. To minimize bias in the primary outcome, 

participants are not provided their randomization assignments until after the baseline survey 

and BP readings are completed. Participants that are APOL1-LR in the intervention arm are 

re-randomized to a pharmacogenomic sub-study if their site is participating in the sub-study, 

as described below.

The randomization scheme was generated in SAS 9.4 and stratified by clinical site with a 

random block size within each stratum. The scheme was uploaded to the randomization 

module of the study database in REDCap. During the creation and upload of the 

randomization scheme, only the Data Safety and Monitoring Board (DSMB, discussed 

below) statistician and the database programmer had access to the scheme. Only the data 

coordinating center has access to the full study database, and the DCC operational team 

provides operational reporting to the investigators. To prevent bias, the operational reporting 

does not include any reports by treatment. By treatment analyses are only generated by the 

DSMB statistician and reported solely to the DSMB in a closed session.

Data Collection and management:

A recruitment database of potential participants is uploaded to a local database that includes 

demographics, upcoming clinical visits, contact data, contact attempts, screening questions, 

inclusion/exclusion criteria, and eligibility. Those providing informed consent are assigned 

a unique patient identifier in a network-wide central REDCap database. After all baseline 

data is completed, participants are randomized, samples are sent to designated laboratories, 

and results are transmitted to the EHR and coordinating center at the appropriate time(s). 

BP measurements must be taken in person, surveys can be completed by phone. If BP 

measurements are missing, any available BP during the follow-up window in EHRs are 

entered (and distinguished from those obtained by CRCs).

Pharmacogenomic sub-study:

Pharmacogenetic (PGx) testing may help guide initial or add-on antihypertensive therapy 

management for patients with hypertension. However, data are limited regarding the impact 

of PGx testing in hypertension, especially among African Americans. Therefore, we 

implemented a PGx sub-study within GUARDD-US to determine the effect of knowledge of 

genetic test results that predict efficacy of various antihypertensive medications on change 

in systolic blood pressure from baseline to 3 months in individuals who are APOL1-LR 
(Figure 1). Based on existing literature65, the PGx sub-study analyzes the relationship 

between two gene-drug pairs: YEATS4 (rs7297610) and thiazide diuretics66, and NAT2 and 

hydralazine67 (a 4 SNP-model of rs1799931, rs1801279, rs1799930, rs1801280). Variability 
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in YEATS4 can impact the effectiveness of thiazide diuretics. Approximately 50% of the 

GUARDD population are expected to be carriers of the T allele in rs7297610 which is 

associated with reduced whole blood expression of YEATS4 and a reduced response to 

a thiazide diuretic (up to a 5 mm Hg less improvement in systolic BP as compared to 

those with a C/C genotype). Variability in NAT2 can impact both efficacy and toxicity 

of hydralazine. Approximately 50% of GUARDD participants are predicted to be NAT2 
normal or intermediate metabolizers and thus are predicted to have reduced hydralazine 

efficacy, whereas NAT2 poor metabolizers (50% of participants) may demonstrate increased 

hydralazine efficacy and/or higher likelihood of adverse events.

Participants in the APOL1 intervention arm who were APOL1-LR and from a site 

participating in the sub-study (Florida, New York, and Indiana), are re-randomized in a 

1:1 allocation to the sub-study intervention (immediate PGx testing and return of results) 

or control (delayed PGx testing and return of results) group. Meanwhile, participants in 

the APOL1 intervention arm that are APOL1-HR are excluded from the sub-study and 

receive delayed PGx gene testing and return of results at the 6-month visit. The expected 

enrollment from Florida, New York, and Indiana is 4,400 individuals, of which 2,200 will 

be randomized to the immediate genotyping arm and 1,892 are expected to be APOL1-LR. 

Thus, approximately 1,892 individuals are expected to participate in the PGx sub-study. 

Clinical decision support was established for the YEATS4 and NAT2 genes which allowed 

return of results to occur using the same methods described for the APOL1 return of 

results29. In contrast to the main GUARDD-US study, the sub-study’s CDS core component 

‘actions to recommend’ are tailored to the class of anti-hypertensive medications the 

participant is taking and the CDS core component ‘wording’ reflects recommendations for 

starting or stopping specific anti-hypertensive classes. Subjects are not required to be on a 

thiazide or hydralazine for enrollment; however, providers are alerted to the efficacy of these 

medications with the return of the pharmacogenomic test results and with CDS when these 

medications are prescribed. For YEATS4, Subjects with a C/T genotype are expected to have 

reduced expression of YEATS4 and reduced response to thiazides and should be treated with 

a calcium channel blocker as first line therapy. For NAT2, subjects with a *4/*4 genotype are 

rapid acetylators and would be expected to have reduced response to hydralazine.

Stakeholder engagement

This translational research study engages transdisciplinary stakeholders locally and 

nationally. Building on the successes of the GUARDD pilot study24, we leveraged the 

broad expertise of NHGRI’s Implementing Genomics in Practice Pragmatic Trials Network 

(IGNITE) consortium whose Patient, Provider, and Payer Advisory Board helped establish 

the study framework, eligibility criteria, and build information to assist payers in making 

coverage decisions. Mount Sinai’s pre-existing Genomics Stakeholder Board co-built 

educational and recruitment materials and ensured diverse input, including from patients 

and community leaders with African ancestry.

GUARDD-US’s recruitment materials and surveys were designed through collaborations 

with the community leaders, patients, advocates, and clinicians to build interest and trust 

and to engage diverse individuals from varied educational and socioeconomic backgrounds 
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in the study. It is an opportunity to utilize precision medicine for everyday practice in 

the context of chronic illness and empowers patients to reflect upon their own ancestry 

and genomic risks. Remaining clear that race is a social construct, but ancestry has some 

genetic underpinnings allows the study team to have difficult, but critical discussions about 

the intersectionality between race and ancestry. Our diverse teams strive to work with an 

anti-racist research lens. GUARDD-US helps inform the technical, economic, and social 

aspects of tailoring clinical interventions. By focusing on and partnering with individuals 

from Black communities- those most disproportionately and unjustly impacted by chronic 

illnesses- we also are building a roadmap to address health disparities and widen the 

diversity in genomic studies.

Operations

Principal investigators, project managers, and administrators meet regularly and 

collaborate to ensure all enrolling institutions are coordinating effectively. Study principal 

investigators, project managers, and coordinating center staff meet weekly during Protocol 

Implementation Team (PIT) calls to discuss protocol questions and challenges. CRCs 

from across the network meet biweekly to discuss recruitment and retention successes 

and challenges. To foster candid dialogue, the CRC meetings are not attended by PIs. 

Specific issues that require decisions or input from study leadership are relayed back to 

the coordinating center for discussion during the next PIT meeting. An EHR workgroup 

oversees the necessary extraction of data from the medical record. IGNITE’s DSMB 

provides safety oversight, and monitors for adverse events secondary to study interventions. 

Because GUARDD-US is an observational study of behavior following clinical decision 

support guidance based on APOL1 genotype, adverse event reporting is minimal. Distress 

from return of results and events of interest are monitored for oversight by the DSMB. 

Adverse events suspected to be related to study interventions, like a genotyping blood 

draw, are reported to the reviewing IRB under local policies. Reportable events including 

unanticipated study related deaths are collected in the study database.

Results:

Baseline Characteristics

The GUARDD-US study enrolled its first patient in July 2020 and will continue enrolling 

through June 2023, with an additional 6 months of follow-up planned until December 2023. 

As of December 2021, the study had enrolled 3423 participants with baseline study visits 

completed. The baseline characteristics of these participants are included in Table 2.

Interim analysis

No public interim analysis will be released. An interim analysis was completed in December 

2021 to assess efficacy and futility and the results were reviewed in a closed session by 

the IGNITE II DSMB. Study investigators are blinded to specific results, but overall the 

analysis determined that the study did not fulfill criteria for either efficacy or futility and will 

continue enrolling through June 2023.
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Challenges

GUARDD-US was initially projected to complete enrollment in June 2022 with 5435 

participants. The study has suffered 2 significant challenges. First, enrollment at most sites 

was depressed below expectations due to the COVID-19 pandemic. Due to the pandemic, 

the trial initiation was delayed from March 2020 to July 2020, access to clinics was 

reduced after the trial started, and some subjects were reticent to enroll during surges of 

the pandemic. Site specific issues included one site closing for months after hurricane Ida 

and another closing for months during an EHR ransom attack.

An additional challenge has been the gradual uptake of clinical APOL1 testing in 

nephrology clinics, outside of GUARDD-US. This shift in practice patterns has reduced 

the ability to recruit from nephrology clinics, because prior APOL1 testing is an exclusion 

criterion. As a result, a higher than expected proportion of subjects have been recruited 

from primary care clinics which resulted in a lower than expected APOL1-HR rate (14.5% 

vs the predicted 17%). Since APOL1-HR rate is a key driver of power in GUARDD-US, 

the DSMB recommended increasing the study enrollment targets. The interim analysis 

determined that to maintain 80% power enrollment should expand from 5,435 to 6,650. 

All statistics and methods described in this manuscript reflect the updated recruitment 

goals since December 2021. To help address the need for additional participants, GUARDD-

US added two new recruiting clinical sites: the University of Alabama Birmingham and 

University of Pittsburgh. Despite these challenges, study teams have successfully 3423 

subjects over 18 months during the pandemic and have maintained a 5.96% loss to follow-up 

for the primary endpoint.

Conclusions

GUARDD-US is the first large multi-site precision medicine trial designed to address 

uncontrolled hypertension and chronic kidney disease outcomes in African ancestry 

populations through APOL1 testing with clinical decision support. This study will provide 

essential data to inform future innovations to optimize large-scale dissemination of 

personalized genomic data to providers and patients by understanding how this information 

can influence knowledge, attitudes, and treatment of hypertension and chronic kidney 

disease.

The IGNITE consortium is committed to key stakeholder representation and involvement at 

all stages of research design, execution, interpretation and dissemination28. The GUARDD-

US pragmatic trial design employed formative research, directed input from community, 

academic, clinical and patient stakeholders, and an inclusive approach to engage African 

ancestry adults of varying ages, socioeconomic backgrounds and urban, suburban, and rural 

communities24. This engagement approach ensures that this trial is aligned with stakeholder 

priorities and will increase the likelihood of adoption of the successful strategies identified 

by this trial.
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Patient perspective:

“The GUARDD-US study has positively changed my outlook on my hypertension diagnosis. 

I have had hypertension for a long time but learned so much from being in the study! My 

study coordinator was an absolute pleasure to work with and explained everything to me 

perfectly so that I understood the study and [my] results.”
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Figure 1: 
GUARDD-US study design. After obtaining written consent, eligible subjects are 

randomized 1:1 in the control or intervention arms. In the control arm, subjects receive 

delayed genetic testing with return of results after completion of the study at 6 months. 

In the intervention arm, subjects and their providers receive immediate disclosure of their 

APOL1 test results. The primary outcome is change in systolic blood pressure at 3 months 

between the control and intervention subjects with a high-risk APOL1 genotype. Subjects 

with a low-risk APOL1 genotype are not included in the primary outcome measure. A 

subset of the APOL1-LR subjects are re-randomized to test the efficacy of immediate and 

delayed antihypertensive pharmacogenomic testing. All subjects receive their APOL1 and 

pharmacogenomic test results at the conclusion of the study.
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Figure 2: 
Recruitment from 13 health systems is distributed across 10 geographic regions in the 

United States.
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Table 1:

CDS Algorithms for subjects with a high-risk APOL1 genotype

Alert Type Microalbumin/Creat. Ratio BP RAAS Antagonist Alert recommendation

No alert Normal <140/90 N/A No alert fires in this circumstance

1 Not on file any N/A Microalbumin/creatinine ratio order suggested

2 Normal (<30 mg/g) >140/90 N/A General BP recommendations given

3 Elevated (>30 mg/g) >140/90 Not prescribed Add RAAS antagonist for BP control

4 Elevated (>30 mg/g) <140/90 Not prescribed Add RAAS antagonist for CKD prevention

5 Elevated (>30 mg/g) >130/80 Prescribed CKD monitoring or titrate RAAS blockade
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Table 2.

Baseline Demographics Characteristics

Baseline Demographics Characteristics All Participants N=3423

Age at randomization (years)

 Mean (SD) 55.7 (10.14)

 Median (Q1, Q3) 58.0 (50.0, 63.0)

 Min, Max 19, 71

Sex at birth

 Female 2156/3423 (63.0%)

 Male 1267/3423 (37.0%)

Gender

 Female 2152/3423 (62.9%)

 Male 1268/3423 (37.0%)

 Transgender 1/3423 (0.0%)

 Do not identify as female, male, or transgender 2/3423 (0.1%)

Race/Ethnicity

 American Indian, Native American or Alaska Native 18/3423 (0.5%)

 Asian 1/3423 (0.0%)

 Black or African American 3027/3423 (88.4%)

 Native Hawaiian or Other Pacific Islander 1/3423 (0.0%)

 White or European American 1/3423 (0.0%)

 Middle Eastern or North African/Mediterranean 2/3423 (0.1%)

 Latino(a) 29/3423 (0.8%)

 Other 46/3423 (1.3%)

 Prefer not to answer/unknown 32/3423 (0.9%)

 Multiple 266/3423 (7.8%)

Insurance

 No insurance 204/3423 (6.0%)

 Medicaid 1154/3423 (33.7%)

 Medicare 541/3423 (15.8%)

 Private health insurance 1099/3423 (32.1%)

 Other insurance 397/3423 (11.6%)

 Don’t know/Refused 18/3423 (0.9%)

Education

 Some high school or less 512/3423 (15.2%)

 High school graduate 836/3423 (24.4%)

 Some post high school training or Associate degree 1204/3423 (36.1%)

 Bachelor’s degree 507/3423 (14.8%)

 Graduate or professional degree 308/3423 (9.0%)

 Don’t know or Refused 16/3423 (0.5%)

Household’s total family income

 Less than $20,000 946/3423 (27.6%)
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Baseline Demographics Characteristics All Participants N=3423

 $20,000 to $39,999 629/3423 (18.4%)

 $40,000 to $59,999 412/3423 (12.0%)

 $60,000 to $99,999 404/3423 (11.8%)

 $100,000 or more 261/3423 (7.6%)

 Don’t know/Refused 771/3423 22.5%)

Note: Percentages are based on the total number of patients with non-missing response per question.
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