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Abstract
Background—Primary care physicians (PCPs) care for the majority of non-dialysis-dependent
chronic kidney disease (CKD) patients. Studies suggest that PCPs may deliver suboptimal CKD
care. One means to improve PCP treatment of CKD is clinical decision support systems (CDSS).

Study Design—Cluster randomized controlled trial

Setting & Participants—Thirty PCPs in a university-based outpatient general internal medicine
practice and their 248 moderate to advanced CKD patients who had not been referred to a
nephrologist.

Intervention—Two CKD educational sessions were held for PCPs in both arms. The 15
intervention arm PCPs also received real-time automated electronic medical record alerts for
patients with estimated glomerular filtration rates < 45 ml/min/1.73m2 recommending renal
referral and urine albumin quantification if not done within the prior year.

Outcomes—Primary outcome was referral to a nephrologist; secondary outcomes were
albuminuria/proteinuria assessment, CKD documentation, optimal blood pressure (i.e., < 130/80),
and use of renoprotective medications.

Results—The intervention and control arms did not differ in renal referrals (9.7% vs. 16.5%,
respectively; between group difference, −6.8% (95% CI, −15.5% to 1.8%; P=0.1)) or proteinuria
assessments (39.3% vs. 30.1%, respectively; between group difference, 9.2% (95% CI, −2.7% to
21.1%; P=0.1)). Among intervention and control group patients without a baseline proteinuria
assessment, 27.7% versus 16.3%, respectively had one at follow-up (P=0.06). After controlling for
clustering, these findings were largely unchanged and no significant differences were apparent
between the groups.

Limitations—Small single-center university based practice, use of a passive CDSS that required
PCPs to trigger the electronic order set.
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Conclusions—PCPs were willing to partake in a randomized trial of CDSS to improve
outpatient CKD care. While CDSS may possess potential, larger studies are needed to further
explore how best to deploy them to enhance CKD care.

Keywords
Chronic Kidney Disease; Primary Care Physician; Nephrologist; Quality of Care; Estimated
Glomerular Filtration Rate; Renal Referral

Millions of Americans live with chronic kidney disease (CKD).1,2 With an ageing
population and an increasing prevalence of obesity, diabetes, and hypertension,2–7 the
prevalence of CKD is expected to rise. In the face of this growing public health burden,
effective treatments to improve patient outcomes are available.8,9 Due to the high prevalence
of CKD and the relative shortage of nephrologists,10–12 primary care physicians (PCPs)
deliver the majority of care to patients with non–dialysis-dependent CKD.13–16 However,
multiple studies have documented suboptimal CKD awareness and care by PCPs including
underuse of angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARB), inadequate blood pressure control, and late nephrology referrals.17–19

Initiatives to improve CKD awareness and treatment are underway and include the
continued development and dissemination of CKD guidelines (e.g., the KDOQI (Kidney
Disease Outcomes Quality Initiative) guidelines from the National Kidney Foundation
(NKF)) and the promotion of routine estimated glomerular filtration rate (eGFR)
reporting.20,21 Despite these actions, only modest improvements in care have been realized
to date.22,23 Changing physician practice patterns to adhere to standards of care remains a
challenge in improving patient outcomes. One approach to enhancing physician care is the
deployment of clinical decision support systems (CDSS).24–27 Rule-based CDSS allow the
combination of programmed expert rules and available patient data to trigger patient specific
recommendations that can enhance care by guiding patient-provider decision making.28,29

We conducted a cluster-randomized controlled trial to examine the feasibility of an
educational intervention and CDSS versus an educational intervention alone to enhance
referrals and quantitative proteinuria assessments in moderate to advanced CKD patients.
We chose to intervene on these processes because there is literature documenting: 1)
improved outcomes in association with timely renal referrals18,30,31 and 2) improved
outcomes in proteinuric CKD patients treated with an ACE inhibitor/ARB.32–36

Methods
Setting and Participants

The study was conducted at a large academic hospital-based general internal medicine
(GIM) clinic where more than 11,000 patients are cared for annually. We approached GIM
faculty at regularly scheduled department meetings. Physician faculty members who were
not present during those meetings were contacted via telephone or email. Faculty were
eligible for study enrollment if they had at least a ½-day GIM continuity clinic per week.
Faculty without a continuity clinic or who were planning to leave the department within 6
months were excluded. Housestaff were excluded to minimize contamination from
attendings in one arm precepting residents in the other arm and potentially discussing the
CKD alert recommendations. All participating faculty members provided written informed
consent and the University of Pittsburgh Institutional Review Board approved this study.

Consented faculty were randomized to either the CDSS intervention or usual care.
Randomization was stratified by the number of ½-day clinic sessions per week (i.e., 5
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categories were used: 1–2, 3–4, 5–6, 7–8, and 9–10 sessions) and was performed using a
computer generated random number sequence in SAS using blocks of 4. Participants were
aware that the study was assessing and attempting to improve CKD care using an electronic
medical record (EMR) CDSS intervention regarding proteinuria assessments and timely
renal referrals. Patients seen by enrolled PCPs at an outpatient office visit during the study
period were included if they had an eGFR < 45ml/min/1.73m2 in the 12 months prior to
their visit and had never been evaluated by a university nephrologist. Patients seen by
multiple providers during the trial were analyzed according to the study assignment of their
PCP of record.

Intervention
Prior to consenting eligible physicians, we held two 15-minute CKD didactic sessions
during scheduled monthly GIM faculty meetings. Nephrology faculty discussed blood
pressure control, proteinuria quantification and suppression, monitoring for complications of
CKD, and timely renal referrals. The presenters also answered occasional CKD related
questions from the GIM faculty at the end of the session. These sessions were completed
approximately 6 months prior to activation of the CDSS described below.

The CDSS intervention consisted of two separate alerts (Figure 1) within the ambulatory
EMR, EpicCare (Epic Systems, www.epic.com), which has been in use by the GIM
department for over a decade. Each alert was designed to be active for patients who met the
following criteria: 1) an eGFR < 45ml/min/1.73m2 within 12 months of the patient’s office
visit and 2) had not been seen by a university nephrologist. The first alert suggested a
nephrology referral and provided the option to enter an order set containing an order for the
referral. The second alert suggested ordering a spot urine albumin-creatinine ratio for
patients who had not had a quantitative albuminuria/proteinuria assessment within the last
year. This alert also provided the option to enter an order set containing an order for the
urine test. These alerts did not interrupt physician work-flow. Rather they appeared in bright
yellow on the Visit Navigator®, a list of tasks that are performed during a visit. Physicians
could choose to view these alerts and activate the appropriate order sets at a time that best
suited their workflow.

On December 14, 2008, the alerts were turned on for participating GIM faculty members in
the intervention group. The alerts were scheduled to continue for 6-months. However, due to
the relatively small number of eligible patients (58 in the control group, 60 in the
intervention group), the alerts were extended for a total duration of 10-months (i.e., through
October 13, 2009). During the study, no limit was placed on the number of times the alerts
could be triggered for each patient.

Data Collection
Kidney Function—For eligible patients, all serum creatinine and eGFR values from the
12 months preceding and following study initiation (i.e., 12/14/07 – 12/13/09) were
abstracted from the EMR. The most recent serum creatinine/eGFR from the 12 months
preceding and following study initiation was used to determine baseline and follow-up
creatinine/eGFR, respectively. Isotope dilution mass spectrometry traceable serum
creatinine assays were used by the local laboratory. The IDMS-traceable 4-variable
Modification of Diet in Renal Disease Study equation37 was used by the local laboratory to
calculate eGFR values. The following message accompanied eGFR results: “eGFR < 60mL/
min/1.73m2 indicates kidney disease. eGFR < 15 mL/min/1.73m2 indicates kidney failure.”
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Covariates—As previously described,38 we abstracted the following variables from the
EMR on all eligible patients: age, sex, race, insurance status, diabetic status, and
hypertensive status.

Outcomes—The primary outcome was the presence of an EMR order for a nephrology
consultation (regardless of whether the patient kept the appointment) or the presence of a
nephrology encounter in the EMR during the 10-month study period or within 2 months of
the end of the study. This 2-month delay allowed time for patients evaluated at the end of
the study to have laboratory tests completed, further orders placed, and specialist consults
fulfilled.

The pre-specified secondary outcomes (described in further detail below) were measures of
quality of CKD care. These included changes in the proportion of patients with annual
albuminuria or proteinuria quantification, active ACE inhibitor or ARB use, optimal blood
pressure control, non-steroidal anti-inflammatory drug (NSAID) use, and CKD
documentation. We also examined hemoglobin, bicarbonate, calcium, phosphorus, and
parathyroid hormone (PTH) levels and the proportion of patients with at least once a year
monitoring of these labs.

Baseline and follow-up urinary albumin or protein quantification was determined by the
presence of an EMR order or laboratory result of a quantitative assessment for albuminuria
or proteinuria (including spot or 24-hour measurements) in the 12 months prior to or
following study initiation, respectively. All blood pressure values from the 12 months before
and after study initiation were obtained from office visit vital signs recorded in the EMR.
The single most recent blood pressure value from the 12 months preceding and following
study initiation was used to determine baseline and follow-up blood pressure, respectively.
Optimal blood pressure control was defined as both a systolic blood pressure < 130mmHg
and a diastolic blood pressure < 80mmHg. Baseline and follow-up use of an ACE inhibitor/
ARB and NSAID was determined by the presence of an ACE inhibitor/ARB or NSAID on
the patient’s EMR medication list at study onset or 12-months after study initiation,
respectively. The EMR medication list contains all medications that are prescribed using the
EMR and, based on the practice’s standards, all medications (i.e., over-the-counter and
herbal medications) are added to the list for documentation purposes. As previously
described,38 CKD documentation was determined by the presence of an International
Classification of Disease, Ninth Revision code on the patient’s EMR problem list or as a
billing diagnosis in a PCP outpatient encounter in the 12 months prior to (baseline status) or
following (follow-up status) study initiation.

Baseline and follow-up lab testing for hemoglobin, bicarbonate, calcium, phosphorus, and
PTH were determined by the presence of an EMR order or laboratory result for each
respective test in the 12 months prior to or following study initiation, respectively. Each of
the most recent laboratory measures from the 12 months preceding and following study
initiation was used to determine baseline and follow-up values, respectively. A random
sample was used to select 10% of patient charts for an EMR chart audit to verify the
accuracy of abstracted data.

Statistical Analyses
Power Calculation—We estimated 30 PCPs would enroll in the study and care for 365
moderate to advanced CKD patients. Estimating a control group referral rate between 5 to
50% and provider intraclass correlation coefficients of 0.01 (as recommended for health
services research when no preliminary data are available) provided 80% power to detect
differences in renal referral rates (i.e., the primary outcome) ranging from 7% (control group
referral rate of 5%) to 16% (control group referral rate of 50%).39
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Data Analysis—Baseline differences between the groups in physician characteristics,
patient demographics, clinical variables, and clinical care (nephrology referral, proteinuria
quantification, etc) were assessed using a Student’s t-test or a Wilcoxon-Mann-Whitney test
for continuous variables and a chi-square or Fisher’s exact test for categorical variables.
Group differences at study completion and changes from baseline were assessed using a
Student’s t-test for continuous variables and a chi-square or Fisher’s exact test for
categorical variables. To examine patients who were most likely to benefit from the CDSS,
we then stratified the analysis by baseline care status (i.e., proteinuria assessment, ACE
inhibitor/ARB use, CKD documentation, blood pressure < 130/80, and NSAID use) to
determine how patients who received suboptimal baseline care were affected. We conducted
univariate logistic regression analyses using primary and secondary outcomes as dependent
variables and treatment arm as the independent variable. We then controlled for clustering at
the PCP level using generalized estimating equations with an exchangeable working
correlation matrix.

In order to examine the potential effects of the inclusion of patients with acute kidney injury
or substantial serum creatinine/eGFR variability, sensitivity analysis was conducted
excluding patients with any eGFR > 60ml/min/1.73m2 in the 12 months following study
initiation. For all analyses, P values <0.05 were considered significant. Analyses were
performed using SAS version 9.1 (SAS Institute Inc., http://www.sas.com/).

Results
Baseline Characteristics

We screened 46 GIM faculty members (Figure 2). Fifteen were excluded due to lack of
continuity clinics (N=11) or pending departure (N=4). Of the 31 eligible physicians, 30
consented to the study and 15 were randomized to the CDSS alert arm. There were no
physician dropouts during the study. Provider characteristics in each arm were well matched
at baseline (Table 1). Eligible patients in each arm were similar in sociodemographics and
comorbidities at baseline (Table 1). However, a larger proportion of patients in the
intervention group had CKD documented at baseline (Table 1). Otherwise, the patients in
each arm were similar in terms of CKD processes of care and laboratory parameters
including baseline kidney function (Table 1 and 2).

Quality of Care at Study Completion
Approximately 10% of patients in the alert group were referred to a nephrologist versus 17%
in the control group (P=0.1; Figure 3). Just over 39% of patients in the intervention arm had
a proteinuria assessment versus 30.1% in the control arm (P=0.1; Figure 3). CKD was
documented in the EMR in 37% of patients in the alert group versus 21% in the control
group (P=0.008; Figure 3). No significant differences in ACE inhibitor/ARB use, optimal
blood pressure management, or NSAID use were observed between groups (Figure 3).
Systolic and diastolic blood pressure was similar between arms (systolic, 129.0 ± 16.0 in
control vs. 129.0 ± 18.1 in intervention (P=0.9); diastolic, 73.6 ± 10.3 in control vs. 72.6 ±
11.9 in intevention (P=0.5)).

After stratifying by baseline care, a nonsignificant trend towards improved proteinuria
assessments and blood pressure control was apparent in the intervention group while
differences in CKD documentation were no longer apparent. In both arms, nearly 80% of
patients with a proteinuria assessment at baseline also had one at follow-up (78.3% in
control vs. 78.8% in intervention, P=0.9). However, among patients without a proteinuria
assessment at baseline, 16.3% in the control group had one at follow-up versus 27.7% in the
intervention group (P=0.06). In patients with optimal blood pressure control at baseline,
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there was little difference in follow-up blood pressure control with the majority remaining
well controlled (70.2% in control vs. 74.6% in intevention, P=0.6). Yet, in patients with
suboptimal blood pressure control at baseline, 37.3% of the intervention group achieved
optimal blood pressure levels versus 22.4% in the control group (P=0.09). In contrast, when
stratified by baseline status, differences in CKD documentation were no longer observed. In
both arms, ≥80% of patients with CKD documentation at baseline also had documentation at
study completion (80.0% in control vs. 86.5% in intervention, P=0.6). However, in patients
without CKD documentation at baseline, 15% of the control arm had documentation at study
completion versus 20% of the alert group (P=0.3).

After adjusting for clustering and stratifying by baseline care, our findings were unchanged;
no significant differences in quality of care were apparent between groups though
nonsignificant trends in proteinuria assessment and blood pressure control remained (Figure
4).

No differences between groups in laboratory values or the proportion of patients with at
least annual monitoring of specified lab measures were apparent at study completion (Table
3). Universal calcium monitoring at study completion was likely due to inclusion of serum
calcium in the local laboratory’s basic metabolic profile.

Sensitivity analyses that excluded patients with any recent eGFR > 60ml/min/1.73m2

resulted in the exclusion of 16 patients in the control arm and 17 patients in the intervention
arm. No substantive differences in outcomes were apparent (data not shown).

Discussion
In this study, the overwhelming majority of PCPs at an outpatient GIM clinic were willing
to participate in a randomized pilot trial assessing an automated clinical alert targeting
patients with an eGFR < 45ml/min/1.73m2 for renal referrals and albuminuria/proteinuria
assessments. Although the intervention did not increase renal referrals, it may have
improved proteinuria assessments in patients who lacked one at baseline. A trend towards
improved blood pressure control in patients with suboptimal baseline blood pressure was
also observed. However, other downstream effects of improved CKD awareness including
increased ACE inhibitor/ARB use were notably absent.

Multiple factors may have contributed to the lack of an observed effect from the nephrology
referral alert. First, the implementation of eGFR reporting has already substantially
increased the rate of renal referrals.40 For example, at our university’s GIM clinic, nearly
70% of patients with stage 4 CKD are already co-managed by a nephrologist.38 Patients who
have not seen a nephrologist may represent a select population with appropriate reasons to
defer specialist consultation or may have barriers to referral that are difficult to address (e.g.,
limited mobility, financial hardships). A clinical alert to refer CKD patients may be
ineffective in this setting. Notably, less than 13% of our moderate to advanced CKD sample
were referred in the 12 months following study initiation and this is qualitatively similar to
larger studies examining PCP referral patterns following eGFR implementation.14 Future
research is needed to examine why particular patients with moderate to advanced CKD are
not referred to a nephrologist in the era of eGFR reporting. Second, the CDSS alert targeting
nephrologist referrals may also have been ineffective if providers in the intervention arm felt
more comfortable caring for patients with CKD and therefore did not feel that a renal
consultation was likely to be helpful. While PCP characteristics and CKD care were well
balanced at baseline, patients in the intervention group were significantly more likely to
have CKD documented in their EMR at baseline. This may suggest greater provider interest
in or awareness of CKD compared to control group PCPs.
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Another factor potentially limiting the effectiveness of our referral alert was use of a passive
alert. In order to view the alert, PCPs needed to scroll down to the appropriate EMR section
(although they could always see that there was an unspecified patient care alert from the
main screen). This minimized potential disruptions to workflow and subsequent alert
fatigue.41–43 However, studies reveal that automated, system initiated CDSS are more
effective than systems that require the user to activate or control the decision support.44–47

In the future, “stackable” alerts that remain in the provider’s immediate visual world but do
not abruptly interrupt workflow and must be processed prior to the end of a patient
encounter 48 may allow an improved compromise between active CDSS deployment and
alert fatigue.

While the alert intervention did not increase renal referrals, a trend towards improved
proteinuria assessments and blood pressure control were observed in patients who did not
have proteinuria measurements or optimal blood pressure control at baseline. We
hypothesize that the possible effectiveness of the automated reminder in improving
proteinuria monitoring may relate to the relatively simple, inexpensive and non-invasive
nature of this test. In future CKD studies, CDSS may be more effective when linked to
interventions that are not perceived as burdensome to the patient. Interestingly, while the
intervention arm tended to demonstrate a larger improvement in proteinuria assessments,
both arms exhibited improvements in proteinuria monitoring. One explanation is that PCPs
may have been cognizant that their CKD care was being scrutinized and this may have
altered their usual behavior. Alternatively, our educational sessions may have improved
baseline care. However, baseline care after the educational sessions was notably comparable
to our published results of CKD practice characteristics in the same clinic in the months
immediately preceding the didactics.38 Another possible explanation is that the
implementation of a GIM physician quality reporting initiative targeting albuminuria
assessments in diabetic patients during the study may have heightened provider awareness.
In the future, combining physician incentives with CDSS may be a valuable strategy to
improving care.

In addition to the direct effect of the clinical alert to check albuminuria/proteinuria, the trend
towards enhanced blood pressure control may have been a downstream effect of measuring
(and documenting the presence of) albuminuria/proteinuria. However, given our small study
size and the lack of a significant impact in other secondary outcomes (e.g., ACE inhibitor/
ARB use), caution is necessary in considering these findings. In the future, implementing
automated CDSS that can risk stratify CKD patients based on commonly available
prognostic markers (such as eGFR, proteinuria) and provide appropriate recommendations
to enhance the care of patients receiving suboptimal care, may allow the efficient targeting
of alerts for the highest-risk CKD patients. Additional studies are needed to determine if
such an approach could improve care while minimizing alert fatigue. Unfortunately, low
rates of proteinuria assessment may be a barrier to this approach in many settings.

The findings in this study should be considered in the context of several limitations. First,
we only included patients with a documented eGFR < 45ml/min/1.73m2 during the
intervention period. CKD patients without a documented serum creatinine/eGFR value or
with milder stages of CKD were not included in this study. Future research examining
interventions that can reliably target CKD patients at an earlier stage of disease or identify
patients with substantial risks for CKD but without a confirmatory test may benefit larger
numbers of patients. Second, our CDSS alert recommended renal referrals in the setting of
an eGFR< 45ml/min/1.73m2. However, the current NKF CKD guidelines recommend a
referral for an eGFR < 30 ml/min/1.73m2.49 Local PCPs may have disregarded the CDSS
recommendation in patients who did not meet this criterion. However, we selected the eGFR
< 45ml/min/1.73m2 threshold after discussions with the GIM department and based on
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literature documenting an increase in CKD related complications below this value.9,49 Third,
the NKF definition of CKD stage 3 or greater requires a reduction in the eGFR to < 60 ml/
min/1.73m2 for at least 3 months.49 Our use of a single eGFR < 45 ml/min/1.73m2 to
identify patients may have resulted in misclassification. However, approximately 85% of
patients had more than 1 eGFR value and excluding patients with any recent eGFR > 60ml/
min/1.73m2 did not alter our findings. Fourth, this study was underpowered to detect
potential differences between study arms. Finally, this was a small single center study
conducted in an academic setting with a high baseline level of nephrology co-management,
thereby limiting generalizability. While we excluded patients managed in resident clinics,
we cannot exclude differences in academic physician practice patterns compared to their
community peers.

This study also possesses a number of strengths. We randomized physicians in order to
minimize contamination. Second, the EMR system used at our medical center is among the
largest vendor-based ambulatory EMR products in the United States including an estimated
70 million patients, thereby enhancing generalizability.50 Third, the deployed CDSS
gathered and processed information in an automated fashion to provide a tailored assessment
and recommendation to the PCP in real-time (i.e., during the actual office visit). Finally, the
CDSS required only one click to provide PCPs with immediate access to the action sequence
necessary to execute the recommended goal.

In conclusion, enhancing physician care remains an important, complex challenge. Previous
research indicates that disease management programs, electronic medical record tools,
academic detailing, and multidisciplinary clinics can play an important role in improving
CKD care.51–54 Studies in a variety of clinical settings suggest that multiple interventions
are often necessary to produce incremental improvements in physician performance.24–27

Whereas didactics are generally ineffective,27 CDSS are among the most effective
interventions.27,46 Indeed, CDSS have previously been used to improve care delivery to
hospitalized patients with reduced kidney function.47,55,56 However, despite well-
established shortcomings in care, there has been limited use or study of CDSS to enhance
non-dialysis CKD care.53,57 Larger studies employing CDSS to improve CKD care are
needed to further delineate the potential utility and ideal settings for deploying these tools.
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Figure 1.
Sample clinical decision support alert
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Figure 2.
Physician enrollment
GIM general internal medicine
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Figure 3.
Process of care outcomes at study completion, showing percentage and 95% confidence
intervals.
†P = 0.1, *P = 0.008
ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, CKD
chronic kidney disease, BP blood pressure, NSAID non-steroidal anti-inflammatory drug.
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Figure 4.
Intervention group odds of receiving specified care at study completion.*
*Analysis is restricted to patients in each arm who did not meet the optimal specified care
parameter at baseline assessment.
CI confidence interval, ACEI angiotensin converting enzyme inhibitor, ARB angiotensin
receptor blocker, CKD chronic kidney disease, BP blood pressure, NSAID non-steroidal
anti-inflammatory drug
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Table 1

Baseline Characteristics

Control Intervention P-Value

PCP Characteristics

  No. 15 15

  Female 8 (53.3) 8 (53.3) 0.9*

  Weekly half-day clinics 0.9*

   1–2 7 (46.7) 7 (46.7)

   3–4 6 (40.0) 6 (40.0)

   5–6 2 (13.3) 2 (13.3)

  Academic rank 0.9*

   Assistant Professor 10 (66.7) 8 (53.3)

   Associate Professor 2 (13.3) 4 (26.7)

   Professor 3 (20.0) 3 (20.0)

  Years since medical school 14.5 +/− 8.9 16.7 +/− 7.1 0.2†

  Attended ≥ 1 CKD educational session 12 (80.0) 9 (60.0) 0.2*

Patient Characteristics

 No. 103 145

 Demographics

  Age 64.8 +/− 14.0 65.7 +/− 14.0 0.6

  Female 61 (59.2) 95 (65.5) 0.3

  African-American 41 (39.8) 52 (35.9) 0.5

  Insurance Status 0.9*

   Private 52 (50.5) 66 (45.5)

   Medicare 40 (38.8) 62 (42.8)

   Medical Assistance 7 (6.8) 12 (8.3)

   Self-pay 4 (3.9) 5 (3.4)

 Comorbid conditions

  Diabetes 33 (32.0) 48 (33.1) 0.9

  Hypertension 69 (67.0) 105 (72.4) 0.4

 Quality of baseline care

  Proteinuria assessment 23 (22.3) 33 (22.8) 0.9

  ACEi/ARB 59 (57.3) 88 (60.7) 0.6

  No ACEi/ARB or proteinuria assessment 38 (36.9) 52 (35.9) 0.9

  CKD documentation 10 (9.7) 37 (25.5) 0.002

  BP < 130/80 mmHg** 47 (49.0) 63 (48.5) 0.9

  Systolic BP (mmHg) 131.0 +/− 20.9 130.6 +/− 19.7 0.9

  Diastolic BP (mmHg) 75.5 +/− 12.4 75.4 +/− 13.5 0.9

  NSAID use 20 (19.4) 18 (12.4) 0.1

Continuous variables are presented as mean +/− standard deviation. Categorical variables are expressed as number (percentage).

P-values represent Student’s t-test for continuous variables and chi-square for categorical variables except as noted.
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*
Fischer’s exact test

†
Wilcoxon-Mann-Whitney test

**
N = 96 for the control group, N = 130 for the intervention group.

PCP primary care physician, CKD chronic kidney disease, ACEi angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, BP
blood pressure, NSAID non-steroidal anti-inflammatory drug.
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