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Abstract

Background—Many individuals with chronic kidney disease (CKD) do not receive guideline-

concordant care. We examined the impact of a team-based primary care CKD registry on clinical 

measures and processes of care among patients CKD cared for in a public safety-net healthcare 

delivery system.

Study Design—Pragmatic trial of a CKD registry versus a usual care registry for one year

Setting and Participants—Primary care providers (PCPs) and their patients with CKD in 

safety-net primary care setting in San Francisco.

Intervention—The CKD registry identified at point of care: all patients with CKD, those with 

BP >140/90 mmHg, those without ACEi/ARB prescription, and those without albuminuria 
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quantification in the past year. It also provided quarterly feedback pertinent to these metrics to 

promote CKD patient “outreach”. The usual care registry provided point-of-care cancer screening 

and immunization data.

Outcomes—Changes in systolic BP at 12 months (primary outcome), proportion of patients with 

BP control, prescription of ACEi/ARB, quantification of albuminuria, severity of albuminuria and 

eGFR.

Results—The patient population (n=746) had a mean age of 56.7 +/− 12.1 (SD) years, was 53% 

female and was diverse (8% non-Hispanic White, 35.7% Black, 24.5% Hispanic, 24.4% Asian). 

Randomization to the CKD registry (30 PCPs, 285 patients) versus the usual care registry (49 

PCPs, 461 patients) was associated with a 2-fold greater odds of ACEi/ARB prescription (adjusted 

OR, 2.25; 95%CI, 1.45-3.49) and albuminuria quantification (adjusted OR, 2.44; 95% CI, 

1.38-4.29) during the one-year study period. Randomization to the CKD registry was not 

associated with changes in systolic BP, proportion of patients with uncontrolled BP, or degree of 

albuminuria or eGFR.

Limitations—Potential misclassification of CKD; missing baseline medication data; limited to 

study of a public safety-net healthcare system

Conclusion—A team-based safety-net primary care CKD registry did not improve BP 

parameters, but led to greater albuminuria quantification and more ACEi/ARB prescriptions after 

one year. Adoption of team-based CKD registries may represent an important step in translating 

evidence into practice for CKD management.

Keywords

chronic kidney disease (CKD); CKD registry; process of care; evidence-based care; guideline 
implementation; blood pressure control; albuminuria; angiotensin converting enzyme inhibitors 
(ACEi); angiotensin receptor blockers (ARB); hypertension; disease progression; best practices; 
CKD management; pragmatic trial

Over 20 million Americans suffer from chronic kidney disease (CKD).1 Compared to 

individuals with normal kidney function, those with CKD have greater odds of experiencing 

a premature cardiovascular event or death, independent of age, gender, and comorbid 

conditions.2 Lower income and racial/ethnic minority patients are more likely to have kidney 

failure, placing a unique burden on healthcare systems that disproportionately provide for 

their care.3 Even though randomized controlled trials have shown that controlling blood 

pressure (BP) control and reducing proteinuria with angiotensin converting enzyme 

inhibitors (ACEi) or angiotensin receptor blockers (ARB) can delay CKD decline, 

progression to end stage renal disease (ESRD), and decrease CKD-associated morbidity and 

mortality,4–7 many individuals with CKD are not receiving these evidence based treatments.8 

The failure to implement these best practices may be related to providers’ poor CKD 

awareness9,10 and limited confidence among primary care providers (PCPs) in delivering 

CKD care11 in the context of inefficient health care systems that rely on overburdened 

providers to deliver chronic disease care to complex patients.

Disease registries are information platforms that can enhance chronic disease management.
12 Often embedded within electronic health records, disease registries capture and track 
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patient-level data, allowing health care teams to proactively manage patients via “in-reach” 

at point-of-care, or via “outreach” through patient contact outside of scheduled appointment 

times. Registries have been documented to improve the quality of chronic disease care,13 

including among patients with diabetes14 and congestive heart failure.15 Prior studies of 

CKD registries in the United States with computer-assisted prompts/alerts have not 

improved process outcomes related to CKD management or clinical outcomes,16,17 though 

they have been successful in the United Kingdom.18

We hypothesized that the prior negative results in the U.S were not likely due to unique 

refractoriness of CKD to the registry approach, but more likely because prior U.S. CKD 

registries have focused on behavior change among individual physicians rather than on 

entire health care teams and systems of care. With input from primary care leaders and 

quality improvement champions in a safety net health system, we created an electronic CKD 

registry that identifies patients with CKD and provides data about CKD management to the 

entire health care team.19 We then tested this approach to improve kidney health in a 

pragmatic trial in safety-net primary care clinics with a high burden of hypertension and 

CKD.

Methods

Study population, setting and study design

This pragmatic trial (ClinicalTrials.gov study number NCTXXXXXX) took place in two 

primary care clinics in San Francisco’s public healthcare delivery system in 2013-2015. 

These clinics were selected because of the high prevalence of CKD among their patient 

populations and because one was an academic training clinic and the other was a community 

clinic without any trainees. No other clinics were approached for participation. All PCPs 

who worked in practice teams and provided longitudinal primary care to patients were 

eligible to participate in this study. PCPs who solely provided specialty care, for example 

HIV services or urgent care, were excluded. Practice teams that consisted of several 

physicians (+/− trainees), one nurse, nurse practitioners, medical assistants and behaviorists, 

were randomized 1:1 to one of two arms with a random number generator: access to an 

electronic CKD registry or a usual care registry for 12 months. This randomization scheme 

minimized contamination by medical assistants, who work with several providers within a 

given practice team, but led to differences in the number of PCPs randomized to each arm, 

due to different practice team sizes.

Approval to conduct this study was granted by the Human Research Protection Program & 

Institutional Review Board at the University of California, San Francisco, with waived 

patient consent. Medical directors of the two participating clinics provided verbal consent to 

participate in this study; health care providers in the clinics implied consent if they used the 

CKD registry. Healthcare teams randomized to intervention had the option to not use the 

information provided by the CKD registry to manage their patients. The trial was not 

blinded to participating teams and providers, though the analytic team was blinded to group 

assignment.
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Intervention

The CKD registry was designed to alert practice teams of a patient’s CKD-relevant 

information and enhance guideline concordant care delivery for patients with CKD. The 

CKD registry defined patients as having CKD if they had two values of dipstick albuminuria 

>1+ or albuminuria > 30mg/g or two values of race-concordant eGFR 15-59 ml/min/1.37m2 

calculated by the Modification of Diet in Renal Disease (MDRD) Study equation (standard 

of care in the health system), separated by at least three months. It excluded individuals with 

eGFR <15 ml/min/1.37m2 and patients with ESRD. The CKD registry provided primary 

care practice teams with point-of-care data about patient-specific CKD status (eGFR, CKD 

on problem list), recent ambulatory clinic BP readings, status of ACEi/ARB prescription, 

and quantification of albuminuria (complete vs. not complete). The CKD registry also 

provided data about diabetes care, immunization status, and data pertinent to age appropriate 

cancer screening, to align with usual care. Medical assistants were encouraged to use these 

data to identify patients with CKD who needed albuminuria quantification and all patients 

(including those with CKD) who were due for cancer screening or immunizations. Point-of-

care decision support embedded within the CKD registry reminded PCPs about guideline 

concordant care for individuals with non-dialysis-requiring CKD: target BP <140/90 mmHg, 

prescription of ACEi/ARB, avoidance of non-steroidal anti-inflammatory medications, and 

prescription of statin medications (Figure S1). Quarterly feedback to practice teams and 

individual PCPs identified patients with CKD with BP >140/90 mmHg, those not prescribed 

an ACEi/ARB, and those with persistent severely increased albuminuria for panel 

management, to reach patients who did not regularly visit their PCP and would thus not 

benefit from the “in-reach” component of the CKD registry. A document with clinical 

guidance accompanied each quarterly report (Item S1). No additional resources were 

provided to the teams randomized to the intervention arm of this study.

Usual care consisted of an electronic registry that was in use before trial implementation. It 

provided practice teams with point-of-care data about diabetes care, age-appropriate cancer 

screening and immunizations, but no CKD-related data. Medical assistants were encouraged 

to use the usual care registry to identify patients who were due for cancer screening or 

immunizations. Quarterly feedback was not provided for practice teams randomized to 

receive usual care.

Outcomes

All outcome data were captured from the electronic health record. The primary outcome was 

change in ambulatory clinic systolic BP from baseline to 12 months. Medical assistants use 

standard oscillometric devices to check BP in all ambulatory clinics (including primary and 

specialty care) with a standardized protocol. If the first BP is elevated, a second BP is 

obtained. While both BP measures are included in the medical record, only the second BP at 

each ambulatory clinic visit was used in this analysis. Secondary outcomes included changes 

in: proportion of patients with BP control defined by BP <140/<90 mmHg, proportion of 

patients whose albuminuria was quantified among those had not received quantification at 

trial initiation, albuminuria severity, and proportion of patients prescribed an ACEi/ARB or 

had a documented reason for no prescription (i.e., allergy, prior development of 
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hyperkalemia, or acute kidney injury). Change in eGFR was not a pre-specified outcome, 

however it was included in a post-hoc analysis.

Covariates

Primary care provider status (trainee, attending provider, nurse practitioner), number of 

clinical sessions per clinic per week, and years of experience were self-reported prior to trial 

initiation, regardless of whether they cared for patients with CKD. Patient demographic data 

(age, gender, race/ethnicity, language preference, insurance status) and laboratory data 

(serum creatinine, glycosylated hemoglobin) were obtained from the electronic health 

record.

Study Power

Prior data from the health care network suggested a mean systolic BP of 151 mmHg for 

eligible patients, with virtually no between-provider variance over one year (intraclass 

coefficient=0.0008). We therefore used simple t-test calculations to conduct our power 

analyses. Using a 0.05 level of significance and a power of 0.8, we needed at least 200 

patients (100 per arm) to detect a 6-point difference in the 12-month change in systolic BP 

between study arms, assuming a standard deviation of systolic BP change of 15 mmHg. This 

magnitude of BP change has been associated with substantial decreases in cardiovascular 

health at the population level.21

Statistical analyses

We used multi-level linear and logistic mixed models to assess the impact of the CKD 

registry (versus usual care registry) on change in systolic BP, change in proportion of 

patients with BP control, change in albuminuria over time, albuminuria quantification at 

least once among patients that were missing it at baseline, and use of ACEi/ARB. In all of 

these models, time was treated as a categorical fixed effect, with the primary test being the 

interaction of time by intervention arm. Models were adjusted for patient age, gender, race/

ethnicity, baseline CKD stage, clinic, and participation in the nested Kidney Awareness 

Registry and Education (KARE) trial (n=137) that examined the synergistic and individual 

impact of provider access to a CKD registry and patient participation in a self-management 

support program on blood pressure ascertained at study visits.20 Models included random 

effects for primary care team and PCP and random slopes and intercepts within patients. 

Random effects that were not statistically significant were dropped from the analysis.

For each outcome, the latest data from each 3-month interval were used in the analysis. 

Between 78-80% of patients had data for every quarter they were enrolled in the study. We 

could not ascertain medication data from the newly implemented electronic medical record 

at trial initiation; these data become available afterwards. Thus, the outcome of ACEi/ARB 

was defined by an active prescription > 50% of the time after randomization. ACEi/ARB 

prescription data was validated against PCP intent using the primary care progress note as 

the gold standard for a sample of patients from the academic clinic. In a post-hoc analysis, 

mixed models were used to examine change in eGFR by trial arm by time; approximately 

70% of patients had eGFR data for every quarter in which they were enrolled. To account for 

temporal trends, the effect of each registry was estimated at baseline and at months 3, 6, 9, 
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and 12 (trial conclusion) using marginal effects estimation22 in STATA (Statacorp, College 

Station, Texas, USA). This analysis holds other covariates (age, gender, race/ethnicity, 

baseline CKD stage, clinic, and participation in nested KARE trial) fixed at their observed 

values while varying time and intervention. This was accomplished using the fitted model to 

calculate the predicted outcome for each quarter and arm, as if the patient were in each of 

the intervention arms at each time.

Interaction analyses were performed to examine the impact of the CKD registry in two 

subgroups of patients determined a priori – those with baseline moderate CKD (CKD stage 

3 & 4) and those with uncontrolled BP (>140/>90 mmHg) at baseline. A post-hoc analysis 

was performed to see whether the impact of the registry for each outcome differed by PCP 

level of training (attending provider, trainee physician and nurse practitioner.

Results

Baseline characteristics

The patient population (n=746) had a mean age of 56.7 +/− 12.1 (SD) years, was 53% 

female and was racially/ethnically diverse (8% non-Hispanic White, 35.7% Black, 24.5% 

Hispanic, 24.4% Asian). Nearly 30% of patients with CKD had a non-English language 

preference and all were publically insured or uninsured. Of the patient population, 41.6% 

had CKD stage 1 or 2; 38.6% had stage 3a and 15% had CKD stage 3b; 4.8% of the patient 

population had CKD stage 4. Overall, 38% of the study population had albuminuria 

quantified at baseline, with an average albumin-creatinine ratio of 421 mg/g. Nearly 20% of 

patients had a glycosylated hemoglobin >6.5% and 36% of patients had uncontrolled BP, 

with average baseline systolic and diastolic BPs of 133.6 mmHg and 79.6 mmHg, 

respectively. Characteristics of patients whose providers were randomized to the CKD 

registry were similar to those whose providers were randomized to the usual care registry, 

except with regard to age, race/ethnicity and language preference (Table 1).

Among 96 PCPs who cared for patients with CKD at trial initiation, 79 (82%) self-reported 

demographic data. Among those providers, 91% practiced at the academic training clinic. 

Nearly 27% of providers were attending physicians, 17% were nurse practitioners and 56% 

were resident trainees, without any difference in distribution by study arm (p=0.2). Many 

trainees practiced in one large team that was randomized to the usual care registry. Providers 

randomized to the CKD registry arm appeared to have greater years of experience compared 

to those randomized to usual care registry, but this was not statistically significant (p=0.1) 

(Table 2).

Primary outcome

There were 285 patients among 30 PCPs randomized to the CKD registry and 461 patients 

among 49 PCPs randomized to usual care registry. Randomization to the CKD registry vs 

usual care registry was not associated with a change in systolic BP over time (ptime x registry= 

0.9). Among patients randomized to the CKD registry, marginal estimates of systolic BP at 

trial initiation and conclusion were 133 mmHg and 132.8 mmHg, respectively. Among 

patients randomized to the usual care registry, marginal estimates of systolic BP at trial 
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initiation and conclusion were 133.7 mmHg and 132.7 mmHg, respectively (Figure 1). 

Interaction analyses demonstrated that results did not differ by PCP level of training 

(ptime x registry x PCP training=0.8), baseline CKD stage (ptime x registry x CKD stage =0.8) or 

baseline controlled vs. uncontrolled BP (ptime x registry x baseline BP = 0.7). Marginal estimates 

of systolic BP for pre-determined subgroups are depicted in Figure 1.

Secondary outcomes

Randomization to the CKD registry was not associated with a change in the proportion of 

patients with controlled BP <140/90 mmHg (ptime × registry=0.7). Results did not differ by 

PCP type (ptime × registry × PCP type = 0.8), CKD stage (ptime × registry × CKD stage =0.9) or 

baseline BP control (ptime × registry × baseline BP =0.9) (Figure 2). Randomization to the CKD 

registry was also not associated with change in eGFR overall (ptime × registry=0.2); results did 

not differ by baseline BP (ptime × registry × baseline BP=0.2) or CKD stage (ptime × registry × 

CKD stage =0.8). Change in albuminuria severity was also not different by registry group 

among the overall study population (ptime × registry=0.1), nor by PCP type (ptime × registry × 

PCP type = 0.7), baseline CKD severity (ptime × registry × CKD stage =0.7) or by baseline BP 

control (Ptime × registry × baseline BP=0.3) (Figure 3).

Randomization to the CKD registry was associated with greater odds of ACEi/ARB 

prescription compared to the usual care registry among all CKD patients (adjusted OR, 2.25; 

95% CI, 1.45-3.49). Marginal estimates of patients with an active ACEI/ARB prescription 

over 50% of the time was 82.2% in the registry group compared to 68.2% in the usual care 

group. Interaction analyses demonstrated that results differed by baseline CKD stage 

(pregistry × CKD stage =0.002) and by baseline BP (Pregistry × baseline BP =0.0004). Adjusted 

odds ratios for pre-determined subgroups are depicted in Figure 4a. Impact of the registry on 

ACEi/ARB prescription also differed by PCP type (pregistry × PCP training=0.002), with 

greatest impact among trainees. Odds of albuminuria quantification were higher among 

CKD patients whose providers were randomized to the CKD registry versus those 

randomized to the usual care registry (adjusted OR, 2.44; 95% CI, 1.38-4.29). Odds were 

higher among individuals with moderate (vs. mild) CKD (pregistry × CKD stage =0.01) and 

among those with uncontrolled (vs. controlled) BP at baseline (pregistry × baseline BP =0.01). 

Adjusted odds ratios for pre-determined subgroups are depicted in Figure 4b. Impact of the 

registry on quantification of albuminuria also differed by PCP training (pregistry × PCP training 

= 0.01), with odds of albuminuria quantification highest among attending providers and 

lowest among trainees.

Discussion

In our study, a safety-net primary care CKD registry directed at the entire primary care team 

enhanced the delivery of guideline concordant CKD care, including ACEi/ARB use and 

albuminuria quantification, but did not improve BP control or impact change in eGFR after 

12 months. This success builds upon prior interventions in the United States directed 

towards PCPs that have moderately improved CKD management. Studies have previously 

demonstrated that automated laboratory eGFR reporting has led to greater identification of 

CKD among PCPs and higher rates of nephrology referrals.23 Registries with electronic 
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decision support for PCPs have been shown to increase serum laboratory testing for patients 

with kidney disease.24

The premise of the Chronic Care Model is that well informed patients and adequately 

prepared practice teams interact productively in a way that improves outcomes.25 The model 

supplies a framework for delivering high-quality chronic disease care that relies upon a 

team-based primary care approach. The CKD registry we studied aligns with the Chronic 

Care Model and differs from prior kidney registry efforts by empowering non-physician 

health care providers to enhance care delivery alongside PCPs during clinic visits with 

decision support and to perform outreach and panel management outside of clinic visits. 

This team-based population health approach has been successful at improving process 

outcomes among patients with multi-morbidity.26 This study extends this success to 

individuals with kidney disease.

ACEi/ARB prescription among patients with kidney disease is an essential component of 

CKD management. A recent meta-analysis of 119 randomized controlled trials examining 

the effects of ACEi or ARB therapy on health outcomes among 64,768 patients with all 

stages of CKD, demonstrated that ACEi or ARB reduced the odds of kidney failure by 

30%-39% compared to placebo and by 25-35% compared to other anti-hypertensive 

medications. Their use was also associated with an 18-24% reduced odds of cardiovascular 

events compared to placebo, though these results were not necessarily independent of BP 

control or albuminuria level.27 From the public health perspective, data from the last decade 

of NHANES (National Health and Nutrition Examination Surveys) suggest that national 

prevalence of CKD has stabilized overall, including among those with CKD stages 3 & 4.28 

These trends have been observed while the application of known CKD interventions, 

including BP control,29 glycemic control,30 and use of ACEi/ARB31 have increased. While 

the cross-sectional nature of NHANES data can only infer that application of CKD 

interventions have contributed to stabilization of CKD prevalence, these data underscore the 

importance of our registry’s impact on increased ACEi/ARB prescription among patients 

with CKD.

Importantly, randomization to the CKD registry was associated with greater quantification of 

albuminuria by health care teams. Presence of albuminuria is a strong risk factor for CKD 

progression,32 acute kidney injury33 and cardiovascular events,34 and contributes 

substantially to risk prediction models for the development of ESRD.35 Decreases in 

albuminuria over a two-year period have been associated with lower risk of incident ESRD 

and death among CKD patients with and without diabetes.36 Measuring albuminuria among 

those with low eGFR and pharmacologically minimizing that albuminuria is an essential 

component of optimal CKD care.37 Currently, albuminuria is grossly under-ascertained 

among those at risk for and with CKD, particularly among individuals without diabetes.38 

This gap in evidence-based CKD care highlights the need for system-based interventions 

such as a team-based CKD registry.

Randomization to the CKD registry was not associated with improvement in systolic BP or 

greater BP control. These null results could be attributed to poor fidelity of the intervention 

(a common challenge for pragmatic clinical trials39), poor medication adherence among 
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patients despite an increase in ACEi/ARB prescription in the intervention arm, or inadequate 

medication dosing of ACEi/ARB. It could also be due to fairly well-controlled BP at 

baseline with an average systolic BP of 134 mmHg. Results may also suggest that 

implementation of single elements of the Chronic Care Model (e.g., access to resources, 

provision of patient self-management support, redesign of delivery systems, team-based 

decision support) within the context of a robust primary care team, may not be sufficient to 

see improvements in clinical outcomes. Interventions that enhance clinical outcomes, such 

as BP control or change in eGFR, may need to incorporate several elements of the Chronic 

Care Model. This is consistent with data from Kaiser Permanente Northern California, an 

integrated health system that previously demonstrated marked improvements in BP control 

after implementing a large-scale hypertension program40 that consisted of a hypertension 

registry with “in-reach” and “outreach” components, as well delivery system re-design with 

medical assistant visits for BP measurements, and increased provider access to BP treatment 

algorithms. Similar data for the management of other chronic diseases have emerged from 

the North Carolina Improving Performance in Practice program, which found better 

cholesterol levels in patients with diabetes were associated in a graded fashion with the 

degree to which clinical practices adopted components of multi-level interventions.41 

Improving BP among patients with CKD in safety-net settings may thus require 

interventions that synergistically target health systems and patients, as patients face 

additional challenges to optimal health care, including low health literacy and food 

insecurity.42

This study’s results must be taken in context of its limitations. All patients with two 

abnormal eGFR or albuminuria separated by three months were considered to have CKD. 

However, the registry could not exclude individuals with acute kidney injury, nor ascertain 

complications of increased ACEi/ARB prescription such as hyperkalemia, though the 

prevalence of these complications would not likely differ by trial arm. Also, this pragmatic 

trial was subject to the information technology constraints of the reporting tools inherent to 

the electronic health record used in the safety-net health delivery system. As such, 

medication data were not available at baseline, and only ACEi/ARB prescription became 

available shortly after study implementation. The cluster randomized approach to 

randomization led to differing numbers of PCPs and patients per arm, with more trainees 

randomized to the usual care arm. While this difference was not anticipated, the number of 

trainees was not statistically significantly different by study arm. Reassuringly, prevalence of 

uncontrolled diabetes, uncontrolled blood pressure, and severe CKD among patients were 

also not different by study arm. Poor fidelity of the intervention or contamination across 

study arms despite team (versus provider) randomization could have contributed to smaller 

differences in BP than anticipated between the study arms. These challenges, common to 

pragmatic trials, should be considered alongside the value afforded by this type of study 

design, including the participation of a diverse patient population, the direct application of 

the intervention to patient care, and external validity.39

In conclusion, a primary care registry directed towards the entire healthcare team with point-

of-care alerts and outreach lists can improve essential CKD processes of care. In the context 

of health care reform and the evolution of patient-centered medical homes with team-based 

care chronic care delivery, this has wide public health implications. While this study needs 
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to be replicated in a larger delivery system with long-term outcomes, adoption of team-based 

CKD registries may represent an important step of translating evidence into practice for 

CKD management, particularly in health delivery systems that care for patient populations 

with a high burden of kidney disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Marginal estimates and 95% confidence intervals of systolic BP over time, by registry 
arm
(A) all CKD patients (n=575;1230 observations; average 3.7 observations per patient), (B) 

patients with CKD stage 3 & 4 (n=397; 1534 observations; average 3.9 observations per 

patient), (C) patients with uncontrolled BP at baseline (n=207; 750 observations; average 3.6 

observations per patient). Estimates are adjusted for age, gender, race/ethnicity, clinic, and 

participation in a health coaching study, as well as primary care team, primary care provider 

and patient clustering.
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Figure 2. Marginal estimates and 95% confidence intervals of proportion of patients with BP < 
140/90 mmHg over time by registry arm
(A) all CKD patients (n=575; 1230 observations; average 3.7 observations per patient), (B) 

patients with CKD stage 3 & 4 (n=403; 1544 observations; average 3.8 observations per 

patient), (C) patients with uncontrolled BP at baseline (n=207; 630 observations; average 3.0 

observations per patient). Estimates are adjusted for age, gender, race/ethnicity, clinic, and 

participation in a health coaching study, as well as primary care team, primary care provider 

and patient clustering.
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Figure 3. Marginal estimates and 95% confidence intervals of change in albuminuria over time 
by registry arm
(A) all CKD patients (n=487; 1736 observations; average 3.6 observations per patient), (B) 

patients with CKD stage 3 & 4 (n=347; 1272 observations; average 3.7 observations per 

patient), (C) patients with uncontrolled BP at baseline (n=175; 622 observations; average 3.6 

observations per patient). Estimates are adjusted for age, gender, race/ethnicity, clinic, and 

participation in a health coaching study, as well as primary care team, primary care provider 

and patient clustering.

Tuot et al. Page 15

Am J Kidney Dis. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Adjusted odds and 95% confidence intervals of ACEi/ARB prescription and 
albuminuria quantification among patients randomized to the CKD registry vs. usual care 
registry
(A) ACEi/ARB prescription; (B) albuminuria quantification. Results are displayed for three 

patient groups: all patients with CKD (n=575), patients with CKD stage 3 & 4 (n=403), and 

patients with uncontrolled BP at baseline (n=207). Models are adjusted for age, gender, race/

ethnicity, clinic, participation in a health coaching study, as well as primary care team, 

primary care provider and patient clustering. *denominator is 715
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Table 1

Baseline characteristics of patients whose provider teams were randomized to the CKD registry or the usual 

care registry.

Patient Characteristics All (N =746( Usual care Registry (n=461( CKD Registry (n=285) p - value

Age 56.7 (12.1) 57.6 (11.6) 55.3 (12.7) 0.01

Female Sex* 377 (52.7) 230 (51.2) 147 (55.1) 0.3

Race/ethnicity <0.01

 White 56 (7.5) 47 (10.2) 9 (3.2)

 Black 267 (35.8) 154 (33.4) 113 (39.7)

 Hispanic 183 (24.5) 107 (23.2) 76 (26.7)

 Asian 182 (24.4) 126 (27.3) 56 (19.7)

 Other 58 (7.8) 27 (5.8) 31 (10.9)

Non-English language** 165 (27.8) 111 (31.2) 54 (22.8) 0.03

Health insurance*** 0.6

 None 142 (23.5) 90 (25.2) 52 (21.1)

 Medi-Cal 291 (48.3) 174 (48.7) 117 (47.6)

 Medi-Care 128 (21.2) 70 (19.6) 58 (23.6)

 Other 42 (7.0) 23 (6.4) 19 (7.7)

CKD 0.2

 Stages 1-2 310 (41.6) 182 (39.5) 128 (44.9)

 Stage 3a 288 (38.6) 181 (39.2) 107 (37.5)

 Stage 3b 112 (15.0) 70 (15.2) 42 (14.7)

 Stage 4 36 (4.8) 28 (6.1) 8 (2.8)

eGFR, mL/min/1.73 m2 65.6 (30.5) 64.7 (30.4) 67.9 (30.8) 0.4

Albuminuria quantification**** 284 (38.0) 170 (36.9) 114 (40.0) 0.4

Albuminuria at first quantification, mg/g 421 (951) 440 (1087) 394 (703) 0.6

HbA1c > 6.5% 143 (19.1) 89 (19.3) 54 (19.0) 0.9

BP > 140/90 mmHg, 268 (35.9) 162 (35.1) 106 (37.2) 0.6

Systolic BP (mmHg) 133.6 (20.9) 133.9 (20.3) 133.2 (21.9) 0.7

Diastolic BP (mmHg) 79.6 (12.7) 79.6 (11.6) 79.6 (14.3) 0.9

Values for continuous data given as mean +/− SD; for categorical data as count (column percentage).

*
denominator is 715

**
denominator is 593

***
denominator is 603

****
albuminuria denominator, n=646

CKD = Chronic Kidney Disease; HbA1c = Glycosylated Hemoglobin; BP = Blood Pressure
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Table 2

Baseline characteristics of providers randomized to the CKD registry or the usual care registry.

Provider characteristics All (n=79) Usual Care Registry CKD Registry p - value

n=49 n=30

Clinic type 0.6

 Academic training clinic 72 (91) 44 (90) 28 (93)

 Community clinic 7 (9) 5 (10) 2 (7)

Provider type 0.2

 Trainee 44 (56) 31 (65) 13 (43)

 Attending provider 21 (27) 9 (19) 12 (40)

 Nurse practitioner 13 (17) 8 (17) 6 (20)

Clinical half-days per week 4.1 (2) 4.3 (2) 3.7 (2) 0.2

Years of experience after degree 0.1

 < 5 44 (56) 31 (63) 13 (43)

 5–15 19 (24) 12 (25) 7 (23)

 >16 16 (20) 6 (12) 10 (33)

Values for categorical data given as count (column percentage), for continuous data as mean +/− SD. CKD = Chronic Kidney Disease; SD = 
standard deviation
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