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Abstract
Background and objectivesWe conducted a pilot, pragmatic, cluster-randomized trial to evaluate feasibility and
preliminary effectiveness of screening for CKD using a triple-marker approach (creatinine, cystatin C, and
albumin/creatinine ratio), followed by education and guidance, to improve care of hypertensive veterans in
primary care. We used the electronic health record for identification, enrollment, intervention delivery, and
outcome ascertainment.

Design, setting, participants, & measurements We randomized 1819 veterans without diabetes but with
hypertension (41 clusters) into three arms: (1) CKD screening followed by patient and provider education;
(2) screening, education, plus pharmacist comanagement; or (3) usual care. The primary clinical outcomewas BP
changeover 1year. Implementationandprocessmeasures includedproportion screened;CKDdetection rate; and
total and new use of renin-angiotensin system inhibitors, nonsteroidal anti-inflammatory drugs, and diuretics.

ResultsMedianagewas68years, 55%werewhite, 1658 (91%)hadaprior creatininemeasure, but only 172 (9%)had
prior urine albumin/creatinine ratio, and83 (5%)hadaprior cystatinCmeasure.Among those in the intervention,
527 of 1215 (43%) were identified with upcoming appointments to have CKD screening. Of these, 367 (69%)
completed testing. Among those tested, 77 (21%) persons had newly diagnosed CKD. After 1 year, change in
systolic BP was 21 mm Hg (interquartile range, 211 to 11) in usual care, 22 mm Hg (211 to 11) in the screen-
educate arm, and 22 mm Hg (213 to 10) in the screen-educate plus pharmacist arm; P=0.49. There were no
significant differences in secondary outcomes in intention-to-treat analyses. In as-treated analyses, higher
proportions of participants in the intervention arms initiated a renin-angiotensin system inhibitor (15% and
12% versus 7% in usual care, P=0.01) or diuretic (9% and 12% versus 4%, P=0.03).

Conclusions The pragmatic design made identification, enrollment, and intervention delivery highly efficient.
The limited ability to identify appointments resulted in inadequate between-arm differences in CKD testing
rates to determine whether screening improves clinical outcomes.
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Introduction
Most affected persons are unaware they have CKD,
despite its high burden (1,2). A strategy of early
detection of CKD, followed by provider and patient
education and management optimization, has the
potential to reduce complications. Identification of
CKD can influence decisions on hypertension treatment
and targets, determine the use of renin-angiotensin
system (RAS) inhibitors, inform the use of cholesterol-
lowering medications (statins), and reduce the use of
nephrotoxic drugs (3,4). However, there is no con-
sensus on the value of screening for CKD in the
United States. The US Preventive Services Task Force
determined there was insufficient evidence to make
a determination on the value of CKD screening in
the general population (5). To our knowledge, no

randomized trials have tested the effectiveness of
CKD screening to improve care.
Early detection of CKD is also hindered by con-

fusion regarding optimal testing strategies. An eGFR
from serum creatinine (eGFRcreat) alone is insuffi-
cient to classify CKD appropriately. The international
Kidney Disease Improving Global Outcomes (KDIGO)
guidelines require both an estimate of eGFR and
a urinary albumin/creatinine ratio (ACR) to classify
risk in patients with CKD, but the guidelines do not
have recommendations on screening (4). Diabetes
guidelines recommend routine ACR testing. In contrast,
despite the high prevalence of albuminuria among
persons with hypertension, ACR quantification remains
optional in the American Heart Association/American
College of Cardiology hypertension guidelines (6).
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KDIGO guidelines suggest using eGFR estimated from
serum cystatin C as a confirmatory measure when eGFRcreat
is between 45 and,60 ml/min per 1.73 m2 with no evidence
of kidney damage (i.e., normal ACR), and in situations where
eGFRcreat may be unreliable. Our prior work has shown that
an approach that includes serum creatinine and cystatin C
and urinary ACR (a “triple-marker” approach) can improve
detection and risk stratification compared with creatinine
alone (7). The value of incorporating the triple-marker
testing approach for CKD screening is unknown.
The widespread use of electronic health records has

garnered great excitement about evaluating interventions
that capitalize on technology to improve clinical care. In
nephrology, we have limited experience with pragmatic
randomized trials that have tested the potential of the
electronic health record to improve management of per-
sons at early stages of CKD (8–13). Even fewer report
lessons learned in the process of implementation (14).
Herein, we report on a three-arm, pilot, pragmatic, cluster-
randomized trial to evaluate the feasibility and prelimi-
nary effectiveness of triple-marker screening for CKD,
followed by two incremental strategies of education and
guidance on management optimization, compared with
usual care, to improve BP management among veterans
with hypertension who are not diabetic in primary care.

Materials and Methods
Study Design
In brief, this was a pilot, pragmatic, three-arm, cluster-

randomized trial in which veterans with hypertension who
did not have known CKD or diabetes were randomized
to one of two additive intervention arms or usual care
(ClinicalTrials.gov; #NCT02059408). The study team in-
cluded expertise in nephrology, primary care, health
services research, implementation, informatics, data sci-
ence, and biostatistics. The intervention arms began with
triple-marker screening for CKD followed by provider and
patient education (“screen educate”); one intervention arm
additionally included an option for pharmacist coman-
agement (“screen educate plus pharmacist”). The setting
was primary care practices at the San Francisco Veterans
Affairs (VA) Medical Center. The unit of randomization
was the provider team.
Patient identification and enrollment, delivery of the

intervention, and ascertainment of outcomes were all
conducted using the electronic health record. We designed
the study protocol to function within the Patient Aligned
Care Team model. The rationale and detailed methods for
this trial have been previously published (15).

Inclusion and Exclusion Criteria
Providers were eligible if they had a primary care panel

at the San Francisco VA. Using data from the VA Corporate
Data Warehouse, we identified patients aged 18–80 years,
who had documented hypertension in the past 5 years, and
had a primary care visit with an eligible primary care
provider in the past 18 months along with no diagnosis of
CKD. We excluded those with diabetes because guidelines
already recommend annual screening for CKD. Hyperten-
sion, diabetes, and CKD status were determined based on
clinical documentation in the record, and using validated

International Classification of Diseases, Ninth Revision,
Clinical Modification codes, as previously published (15).
We also excluded patients with heart failure and docu-
mented reduced ejection fraction or those for whom the
primary provider deemed that screening for CKD and trial
participation would not be appropriate (severe mental
illness, cognitive impairment, or short life expectancy).
Attending supervising providers signed informed consent.
Patients received a letter allowing them the ability to opt out.
This study was approved by the University of California,
San Francisco Institutional Review Board and the Veterans
Administration Research and Development Committee.

Randomization
Patients were randomized in clusters based on their

assigned primary care team, using the SAS procedure
SURVEYSELECT in a computer-generated randomization
scheme stratified by team size. The final randomization
plan identified clusters using unique coded alphanumeric
identifiers. Due to the nature of the pragmatic interventions,
providers and patients could not be blinded after random-
ization. The data analyst was blinded to team assignment
until study completion.

Study Procedures
The study was conducted for 14 months after random-

ization, from February 19, 2016 to April 18, 2017. Before
randomization, study nephrologists conducted a presenta-
tion on the topic of triple-marker screening for CKD, which
was open to all providers. Patients who were randomized to
usual care were not systematically screened for CKD.
In the screen-educate arm, study staff reviewed appoint-

ment data in the datawarehouse approximately every 10 days
to ascertain those with scheduled upcoming outpatient
appointments and then ordered serum creatinine, cys-
tatin C, and ACR tests. Once tests were completed, study
nephrologists sent an electronic note to the primary care
provider to cosign. The note included a summary of the
results and corresponding guidance, depending on CKD
status. Among patients with newly identified CKD (defined
using the combined eGFRcreat and cystatin C equation
[eGFRcreat-cys],60ml/min per 1.73m2 or ACR$30mg/g),
the study-generated electronic note included guidance on
BP targets (,140/90 mm Hg), recommendations to use
RAS inhibitors in persons with albuminuria and the use of
diuretics, recommendations on counseling about avoiding
nonsteroidal anti-inflammatory drugs (NSAIDs), and links
to international clinical practice guidelines. In addition, an
automated letter was generated with the triple-marker
results and education which was then mailed to the veteran.
In the screen-educate plus pharmacist intervention, the

electronic letter to the primary care provider additionally
included an opt-in option to refer persons with newly
detected CKD to a clinical pharmacist for medication
review, medication adjustment, and CKD counseling.

Data Elements
Baseline Measures. All study data were ascertained

from the VA Corporate Data Warehouse. Patient demo-
graphics included sex, age, race/ethnicity, and mari-
tal status at the time of randomization (February 18, 2016).
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We previously described the chart review and data-validation
process (15). Baseline medication use of antihypertensives,
lipid-lowering drugs, aspirin, and NSAIDs, was based
on outpatient prescription fills from a VA pharmacy within 6
months before randomization. Baseline laboratory measures
were based on the most recent outpatient test result within
2 years before randomization. Baseline systolic and diastolic
BPs were based on the most recent BP result from a primary
care clinic within 6 months before randomization.
Triple-Marker CKD Screen. Results of laboratory screen-

ing for CKD using the triple-marker test panel were noted
in the study principal investigator’s (C.A.P.) electronic inbox.
Results were processed by a study nephrologist (L.R.) to
determine CKD status.

Implementation Process Measures
We adapted the RE-AIM (Reach, Effectiveness, Adop-

tion, Implementation, Maintenance) framework (16). We
previously published preliminary measures of implemen-
tation and characteristics of enrolled versus excluded or
opted out (15). Herein we report on the proportion with
screening tests ordered, defined as the proportion of
persons randomized to the intervention arms for whom
an upcoming appointment was identified and triple-
marker screening was ordered. Prespecified implementa-
tion measures included proportion screened, defined as the
proportion of persons randomized to the intervention arms
who were successfully screened for CKD with the triple-
marker tests, and CKD detection rate (yield), which was
defined as number of cases of newly identified CKD (defined
as eGFRcreat-cys,60ml/min per 17.3m2 or ACR$30mg/g)
among those with screening ordered and testing completed.
We constructed additional exploratory implementation
process outcomes, including CKD detection by individual
measures among those tested: eGFRcreat ,60 ml/min per
17.3 m2, eGFR by cystatin C ,60 ml/min per 17.3 m2, and
ACR $30 mg/g.

Clinical and Clinical-Process Outcomes
The primary clinical outcome was BP change, defined as

the change in systolic and diastolic BP (separately) from
baseline to study end. BP control (,140/90 mmHg) at study
end was a secondary clinical outcome. BP was measured by
clinical personnel using automated cuffs as per routine.
The secondary process of care outcomes for effective-

ness included proportion on RAS inhibitors (prespecified
secondary outcome) and NSAIDs, defined as the pro-
portion of patients in each arm with a corresponding
outpatient medication fill during the study period. The
proportion using diuretics was an exploratory outcome.
We calculated overall use and new use, defined as use of
each class of medications (RAS inhibitors, diuretics, and
NSAIDs) during the study period among persons not
using the class of medications at baseline. Other prespe-
cified secondary outcomes included CKD recognition by
primary care provider, defined as an outpatient diagnosis
of CKD documented using International Classification of
Diseases, Ninth Revision, Clinical Modification codes dur-
ing the study period. We obtained information on testing
charges from the laboratory (secondary outcome).
Finally, we assessed provider burden and increased CKD

knowledge to assess adoption and potential sustainability

of the intervention. Attending primary care providers and
pharmacists who participated in the study and were still
working at the clinic were e-mailed an anonymousweb-based
survey to assess their burden and increased knowledge of
care for CKD due to the study (see Supplemental Appendix).

Analyses
We compared baseline patient characteristics by study

arm using chi-squared tests or Kruskal–Wallis tests as
appropriate. We first described proportions of patients
in the intervention arm for whom triple-marker CKD
screening tests were ordered, and the rate of test comple-
tion among patients in the intervention arm and among
those with screens ordered. We described the rate of CKD
detection from the triple-marker screen among patients
with screens ordered and among those tested overall and
by each kidney marker. Among patients in the intervention
with newly detected CKD, we described the proportion for
whom the primary care providers documented a diagnosis
of CKD and the proportion in the screen-educate plus
pharmacist arm who had a documented pharmacist visit.
We compared BP levels and the proportions of patients

with total use and new use of RAS inhibitors, NSAIDs,
and diuretics across the three study arms. Comparisons
are presented for all participants randomized (“intention-
to-treat” analyses) and among those for whom tests were
ordered (“as-treated” analyses). Differences in BP levels
were assessed using Kruskal–Wallis tests in the intention-
to-treat analyses and using median regression in the
weighted per-protocol analyses. Differences in medica-
tion use were assessed using Pearson chi-squared tests.
We powered this study for changes in BP, using Stata
version 11.2, assuming a two-tailed a level of 0.05 and
intraclass correlation coefficient of 0.025.
The as-treated analysis was restricted to patients in

the intervention for whom we identified an upcoming
appointment and placed an order. Since this subset of
participants showed differences in some characteristics
compared with those who had missing follow-up ap-
pointments, we applied inverse probability weighting so
that this subset of patients in the intervention would be
representative of the patient characteristics in the overall
population of all patients in the intervention (17).
We also compared primary care provider recognition of

CKD among patients in the intervention with newly detected
CKD versus patients receiving usual care and, in additional
exploratory analyses, compared new use of RAS inhibitors,
diuretics, and NSAIDs among patients in the intervention
with and without newly detected CKD versus patients
receiving usual care using Pearson chi-squared tests.
Finally, we compared the proportion of respondents to our

provider survey who indicated that the study (1) increased
their practice burden, (2) improved their knowledge of CKD
management, and (3) prompted changes to patients’ care
plans using Pearson chi-squared tests.

Results
Enrollment, Allocation, and Baseline Characteristics
We randomized 1819 patients, within 41 clinical teams.

As previously published (15), among the 2293 persons
identified through the electronic health records, 114 were
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excluded due to ineligible primary care provider, 138 were
excluded by their primary care provider, 27 were excluded
due to heart failure, two had died, and 193 opted out.
The median age was 68 years (interquartile range [IQR],

61–72 years), 55% were white, and 8 (0.4%) were female.
Within the 2 years before randomization, 1658 (91%) had
creatinine measured, but only 172 (9%) had ACR and 83
(5%) had cystatin C measured. Median eGFRcreat at
baseline was 84 (IQR, 72–94) ml/min per 1.73 m2, and
8% (n=146) had eGFRcreat,60 ml/min per 1.73 m2. A total
of 810 (45%) had prior urinalysis by dipstick. There were
few differences in patient characteristics across study arms
(Table 1). We previously published differences between the
patients that were included and excluded in the study (15).

Reach and Adoption of Interventions (Implementation)
Randomization occurred on February 18, 2016 and

orders for triple-marker screening were placed from

February 22, 2016 to March 27, 2017. Clinical outcomes
were ascertained for 14 months after randomization
(February 19, 2016 to April 18, 2017). Among persons
randomized to intervention arms (n=1215), we identified
527 (43%) as having an upcoming outpatient appointment
and thus had an order for triple-marker testing placed
using the data warehouse queries. The median time from
the date the order was placed to the study end was 284
(IQR, 195–365) days. Since we failed to identify upcoming
appointments for 57% of patients receiving the intervention
during the study period, we requeried the appointment
data to understand the process further, approximately
6 months after the study was completed. Among those for
whom an appointment was not identified by initial queries
of the appointment data, only 14% (96 of 688) were
confirmed as having no outpatient appointment during
the study period. Nearly half of all outpatient appoint-
ments were scheduled ,10 days before the appointment,

Table 1. Baseline characteristics of participants in a pilot, pragmatic, cluster-randomized trial of veterans with hypertension

Characteristics Total
(N=1819)

Usual
Care

(n=604)

Screen
Educate
(n=599)

Screen Educate
and Pharmacist

(n=616)

Demographics
Male, n (%) 1811 (100%) 603 (100%) 598 (100%) 610 (99%)
Age, median (IQR) 68 (61–72) 68 (62–72) 68 (61–72) 68 (61–72)
Race/ethnicity, n (%)
White 1009 (55%) 344 (57%) 329 (55%) 336 (55%)
Black 298 (16%) 87 (14%) 107 (18%) 104 (17%)
Asian/Pacific Islander 150 (8%) 52 (9%) 48 (8%) 50 (8%)
American Indian 11 (1%) 2 (0%) 5 (1%) 4 (1%)
Hispanic 92 (5%) 31 (5%) 28 (5%) 33 (5%)
Missing 259 (14%) 88 (15%) 82 (14%) 89 (14%)

Outpatient diagnoses, n (%)
Ischemic heart disease 341 (19%) 121 (20%) 106 (18%) 114 (19%)
Congestive heart failure 112 (6%) 34 (6%) 35 (6%) 43 (7%)
Cerebrovascular disease 200 (11%) 75 (12%) 63 (11%) 62 (10%)
Hyperlipidemia 1187 (65%) 407 (67%) 400 (67%) 380 (62%)
Any malignancy 344 (19%) 109 (18%) 126 (21%) 109 (18%)
COPD and bronchiectasis 375 (21%) 125 (21%) 104 (17%) 146 (24%)
Tobacco use disorder 513 (28%) 168 (28%) 176 (29%) 169 (27%)
Drug use disorders 301 (17%) 91 (15%) 94 (16%) 116 (19%)
Alcohol use disorders 503 (28%) 168 (28%) 164 (27%) 171 (28%)
Mental health disorders 823 (45%) 281 (47%) 270 (45%) 272 (44%)

Outpatient medication fill, n (%)
Any hypertension medications 1277 (70%) 429 (71%) 412 (69%) 436 (71%)
Diuretic 435 (24%) 150 (25%) 150 (25%) 135 (22%)
b-Blockers 493 (27%) 176 (29%) 148 (25%) 169 (27%)
RAS inhibitors 629 (35%) 213 (35%) 201 (34%) 215 (35%)
Calcium channel blocker 506 (28%) 153 (25%) 174 (29%) 179 (29%)
Aspirin 226 (12%) 72 (12%) 79 (13%) 75 (12%)
Statins 788 (43%) 266 (44%) 269 (45%) 253 (41%)
NSAID 319 (18%) 109 (18%) 108 (18%) 102 (17%)

Most recent outpatient kidney lab result
ACR (mg/g), median (IQR) 6.0 (3.0, 17.5) 7.0 (3.0, 17.0) 5.0 (3.0, 21.0) 7.0 (4.0, 20.0)
Creatinine (serum, mg/dl), median (IQR) 1.0 (0.8, 1.1) 0.9 (0.8, 1.1) 1.0 (0.8, 1.1) 1.0 (0.8, 1.1)
eGFRcreat (serum,ml/minper1.73m2),median(IQR) 84 (72, 94) 85 (72, 94) 84 (72, 94) 84 (71, 94)
Cystatin C (serum, mg/L), median (IQR) 1.0 (0.9, 1.2) 1.1 (1.0, 1.3) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)

Most recent BP measurement in primary care clinic
Systolic BP (mm Hg), median (IQR) 136 (126, 147) 136 (126, 147) 136 (125, 146) 136 (126, 146)
Diastolic BP (mm Hg), median (IQR) 79 (74, 85) 79 (74, 86) 79 (73, 85) 79 (74, 85)
No. primary care visit dates with BP, median (IQR) 1 (1, 2) 1 (1, 2) 1 (1, 2) 1 (1, 2)

Numbers do not add to total and percentages do not add to 100% due to missing values. IQR, interquartile range; COPD, chronic
obstructive pulmonary disease; RAS, renin-angiotensin system; NSAID, nonsteroidal anti-inflammatory drug; ACR, albumin/
creatinine ratio; eGFRcreat, eGFR by creatinine.
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including .20% on the same day. Moreover, appointment
data appeared to enter the data warehouse retrospectively
in many cases.
Among the 1215 patients receiving the intervention, 367

(30%) were screened for CKD with the triple-marker tests.
The completion rate was high once orders were placed, with
70% of those for whom the screen was ordered having a test
(Figure 1). The Medicare reimbursement rate for the triple-
marker set was $35.82, but costs for the VA are much lower.
A total of 77 (21%) persons tested with the triple-marker

screen were newly diagnosed with CKD. The yield was
15% among all persons with screen tests ordered (Figure 1).
The uptake of the pharmacist-comanagement option was
low, with a total of ten pharmacy consult orders placed, six
in the screen-educate arm and four in the screen-educate
plus pharmacist arm. Among the 35 persons in the screen-
educate plus pharmacist arm who had newly detected CKD,
only four persons (11%) had a pharmacist visit documented
in the record. Of the 70 participating providers, two
attendings left the VA before testing started and 14 residents
graduated and their patients were reassigned as per usual
practice.
Table 2 shows the distribution of the abnormal triple-

marker results by marker. The most frequent abnormal-
ity that resulted in a new CKD diagnosis was the finding
of albuminuria. Among 41 persons with eGFRcreat
,60 ml/min per 1.73 m2, 41% did not have CKD confirmed
by cystatin C or albuminuria.

Clinical and Process Outcomes
Primary Outcome. Overall, 1580 participants had follow-

up BPs, and the mean number of visits with BP measured
was 3.08 (SD 2.29). There were no statistically significant
differences between study arms in BP change in the
intention-to-treat analyses (Table 3). The median (IQR)
systolic BP at study end was 135 (126–146) mm Hg for
usual care, 135 (126–145) mm Hg for screen-educate, and
135 (124–145) mm Hg for screen-educate plus pharmacy
arms. Among persons with uncontrolled BP at baseline

(.140/90 mm Hg), overall median (IQR) systolic BP
change was 29.5 (220.4 to 0.0) mm Hg. Among these 428
participants, there were no differences in systolic BP change
by study arm: 210 (220 to 0.5) mm Hg in the usual-care,
29.1 (220 to 21.5) mm Hg in the screen-educate, and 29.5
(220 to 0) mm Hg in the screen-educate plus pharmacist
arm (P=0.86).
In the as-treated analyses, we first applied inverse prob-

ability weighting and showed that we achieved good relative
balance of characteristics of usual care compared with
patients in the intervention for whom tests were ordered
(Supplemental Table 1). We found no significant differences
in BP change between study arms (Table 3).

Screen-Educate
n=599

Usual care
n=604

Screen-Educate
+ Pharmacist

n=616

Confirmed No
encounter
n=54 (9%)

Had Appointment
not identified
n=304 (49)%

Labs
Ordered

n=269 (45%)

Labs
Completed

n=184 (68%)

CKD
Screen-Positive

n=42 (23%)

Labs
Ordered

n=258 (42%)

Labs
Completed

n=183 (71%)

CKD
Screen-Positive

n=35 (19%)

CKD defined as eGFRcreat-cys <60 ml/min/1.73 m2 or ACR ≥30 mg/g
Pharmacist Visit

n= 4 (11%)

Had Appointment
not identified
n=282 (47%)

Confirmed No
encounter
n=48 (8%)

Figure 1. | Study flow uptake of the intervention.

Table 2. New diagnoses of CKD according to diagnostic test

Screens
Screening

Results, n (%)
(n=367a)

Abnormal screens by measure
CKD (by combined equation or ACR) 77 (21%)
eGFRcreat-cys ,60 ml/min per 1.73 m2 34 (9%)
eGFRcreat ,60 ml/min per 1.73 m2 41 (11%)
eGFRcys ,60 ml/min per 1.73 m2 41 (11%)
ACR $30 mg/g 54 (15%)
Any measure 99 (27%)

Abnormal screens only by single measure
eGFRcreat-cys,60ml/min per 1.73m2 only 21 (6%)
eGFRcreat ,60 ml/min per 1.73 m2 only 17 (5%)
eGFRcys ,60 ml/min per 1.73 m2 only 13 (4%)
ACR $30 mg/g only 39 (11%)

ACR, albumin/creatinine ratio; eGFRcreat-cys, eGFR by cre-
atinine and cystatinC; eGFRcreat, eGFRby creatinine; eGFRcys,
eGFR by cystatin C.
aNote that of the 367 patients in the interventionwho completed
CKDscreening, twodidnothaveavalid test result for creatinine,
one did not have a valid test result for cystatin C, and 26 did not
have a valid test result for creatinine. Therefore the “only”
measures of CKD testing results are calculated among the 339
patients with valid results on all three markers.
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Secondary and Exploratory Outcomes. There were no
significant differences in BP control in the intention-to-treat
or as-treated analyses (Table 3).
When we evaluated differences in drug use, we found no

differences in overall medication use or new medication
use in the intention-to-treat analyses (Table 4). In as-treated
analyses, which included only participants who had a
triple-marker screen ordered, we found larger proportions
of patients with new use of RAS inhibitors and diuretics in
the intervention arms compared with the usual-care arm
(Table 4).
In exploratory analyses comparing patients in the inter-

vention who completed CKD testing to patients receiving
usual care, stratified by CKD status, the increased rates
of new use of RAS inhibitors was limited to patients in the
interventionwith newly detected CKD,whereas the increased
rates of new diuretic use was limited to patients receiving
the intervention who tested negative for CKD (Supple-
mental Table 2).
In the screen-educate arm, 5% of patients who tested

positive for CKD had new documentation of CKD in the
problem list at study end, compared with 17% in the screen-
educate plus pharmacist arm, and 2% in usual care (P,0.001).
Finally, among attending providers who remained at the

clinic after study completion, 61% (n=20) responded to an
online survey, and 80% reported no increased burden.
A total of 60% of respondents said they had improved
knowledge and had made clinical changes due to the
study (see detailed comments in Anonymous Web-Based
Survey Content found in the Supplemental Material).

Discussion
In this study, we show the potential of using the

electronic health record systems to conduct a pragmatic,
randomized clinical trial embedded in primary care, includ-
ing identification of eligible patients, intervention delivery,
and outcome ascertainment. We showed that willingness
to participate in the study was high, and the study protocol

did not increase provider burden. Despite these successes,
we were unable to achieve the required between-arm
differences in CKD testing rates to determine whether
screening for CKD can improve clinical care for persons
with hypertension.
We found that one in five veterans with hypertension and

no diabetes who were tested had undetected CKD. Although
albuminuria was the most common abnormality (51%
identified by ACR only), the triple marker was required
for accurate disease classification. In fact,.40% of patients
with eGFRcreat ,60 ml/min per 1.73 m2 were not confirmed
by cystatin C or albuminuria, and these persons are consid-
ered low risk (4). Our findings also suggest that CKDdetection
has the potential to improve care because new use of RAS
inhibitors was significantly higher among patients receiv-
ing the intervention compared with those receiving usual
care in the as-treated analyses. A larger trial with protocol
adjustments to increase testing rates is warranted to under-
stand whether CKD screening improves clinical outcomes.
There is great interest in the implementation of pragmatic

trials in nephrology (8). Our success in using the electronic
health record for patient identification, enrollment, deploy-
ment of the intervention, and ascertainment of outcomes can
serve as an important example. We were able to enroll.1800
participants in a short period of time, with a small study team,
andwithin a limited budget.We enrolled older persons, up to
30%were nonwhite, andmany had documented substance or
alcohol use. We showed that the opt-out rate by patients was
low (15). We were able to embed the intervention within the
workflow of a primary care clinic, which resulted in high rates
of participation by providers and a protocol that did not
increase provider burden. The collaboration of a multi-
disciplinary team that leveraged an established health
record system resulted in very thorough processes for data
validation (15). We conclude that it is feasible to imple-
ment this protocol in any setting with an electronic health
record and medical home model for primary care.
Despite the successes, we had some difficulties in the

implementation of the protocol which taught important

Table 3. Changes in BP: primary and secondary study outcomes

Outcome Usual Care Screen Educate Screen Educate
and Pharmacist P Value

Intention-to-treat analyses
Total patients (n) 604 599 616
Primary clinical outcome, median (IQR) or N (%)
Change in SBP from baseline (n=1118) 21 (211 to 11) 22 (211 to 11) 22 (213 to 10) 0.49
Change in DBP from baseline (n=1118) 22 (27 to 4) 22 (27 to 4) 21 (27 to 5) 0.72

Secondary clinical outcome
Controlled BP at study end (n=1580) 323 (62%) 323 (61%) 340 (64%) 0.56

As-treated analysesa

Total patients (n) 604 269 258
Primary clinical outcome, median (IQR)
Change in SBP from baseline (n=749) 21 (211 to 11) 23 (211 to 9) 22 (212 to 10) 0.51
Change in DBP from baseline (n=749) 22 (27 to 4) 23 (29 to 4) 21 (27 to 5) 0.07

Secondary clinical outcome (inverse probability weighted %)
Controlled BP at study enda 62%a 60%a 61%a 0.79

IQR, interquartile range; SBP, systolic BP; DBP, diastolic BP.
aPer-protocol analyses were conducted in subset of patients in the intervention with CKD screening ordered; stabilized inverse
probability weighting was applied to weight this subset back to the population of all patients in the intervention.
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lessons. Less than half of participants randomized to
intervention arms had a triple marker ordered, and this
undermined our ability to achieve appropriate between-
arm differences in CKD screening rates. This was due
to the inability to detect appointments scheduled within
a short time period. Because approximately 70% of
persons with tests ordered completed testing, we expect
that reach of the intervention would have been much
higher with bulk orders or if we had worked with daily
appointment data from the clinic sites directly. If we had
added patient reminders to obtain laboratory tests, it may
have increased testing rates, but would have reduced
pragmatism. We also observed that few eligible patients
had a pharmacist visit in the screen-educate plus phar-
macist arm. We are unable to determine if this was due
to lack of interest from the treating provider or lack of
patient interest. An additional limitation is the possibil-
ity that a veteran used non-VA pharmacies for some
medications. However, given that these veterans obtain
regular primary care at the VA, this is unlikely to have
been common (18). Our findings on the burden of the
study are also limited because we could only survey
attendings who remained in the clinic after study com-
pletion. Another barrier we encountered in this trial was
potential crossover between arms. Patients of providers
who left were reassigned to new or existing providers
who may not have been randomized to the same study
arm, potentially diluting differences between arms. For
future trials, engagement of both patients and providers
to understand willingness to perform all aspects of the
intervention must be considered before deployment.
Future studies may also need to incorporate repeat
testing to confirm CKD status. In a future multisite trial,

randomization by clinic rather than provider may alle-
viate the effects of provider changes.
An additional consideration relates to the consent re-

quirement to send a letter and then wait 2 weeks for opting
out, which limited our ability to increase the opportunity
for testing. We believe that a rolling enrollment pro-
cedure can greatly increase intervention uptake, but
this requires modified consent procedures. Human subjects
and ethics teams must work with patients and investiga-
tors to find acceptable forms of consent that can facilitate
learning health systems and implementation of low-risk
interventions.
In summary, although we are unable to determine

whether CKD screening followed by education and clinical
guidance can improve care of veterans with hyperten-
sion, this study serves as an example and a foundation for
pragmatic trials in nephrology that use the electronic
health record to embed kidney-related interventions in
primary care. Given that .20% of those tested had occult
CKD, a larger study including primary care–embedded
kidney support with appropriate multidisciplinary ex-
pertise, including nonphysician providers and informa-
tion technology infrastructure, is warranted.
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