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BACKGROUND: Chronic kidney disease (CKD) causes
substantial morbidity and mortality; however, there are
limited data to comprehensively assess quality of care
in this area.
OBJECTIVE: To assess quality of care for CKD accord-
ing to patient risk and identify correlates of improved
care delivery.
DESIGN: Retrospective cohort.
SETTING: Fifteen health centers within a multi-site
group practice in eastern Massachusetts.
PARTICIPANTS: 166 primary care physicians caring for
11,774 patients with stages 3 or 4 CKD defined as two
estimated glomerular filtration rates (eGFR) between 15
and 60.
MAIN MEASURES: Two measures of kidney disease
monitoring, five measures of cardiovascular disease man-
agement, four measures of metabolic bone disease and
anemiamanagement, and onemeasure of drug safetywere
extracted from the electronic health record. Primary care
recognition of CKD was assessed as a problem list
diagnosis, and nephrology co-management was assessed
as at least one visit with a nephrologist in the prior
12 months.
KEY RESULTS: Overall, 46% of patients were high risk
for death based on the presence of diabetes, protein-
uria, or an eGFR <45. Seventy percent of patients
lacked annual urine protein testing, 46% had a blood
pressure ≥130/80 mmHg and 25% were not receiving
appropriate angiotensin blockade. Appropriate screen-
ing for anemia was common (76%), while screening
rates for metabolic bone disease were low. Use of
potentially harmful drugs was common (26%). Primary
care physician recognition and nephrology co-manage-
ment were both associated with improved quality of
care, though rates of both were low (24% and 10%,
respectively).
CONCLUSIONS: Significant deficiencies in the quality
of CKD care exist. Opportunities for improvement
include increasing physician recognition of CKD and
improving collaborative care with nephrology.
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INTRODUCTION

Chronic kidney disease (CKD) affects approximately 13% of the
adult population, resulting in significant morbidity, mortality
and health care costs.1 Patients with more progressive stage 3
or stage 4 CKD [estimated glomerular filtration rate (eGFR)
between 15 and 60 ml/min/1.73 m2] experience a high rate of
cardiovascular events and death compared to earlier stages of
CKD (eGFR >60).2–4 Practice guidelines promote monitoring for
progressive kidney disease in these patients, as well as
aggressive management of cardiovascular risk and the com-
plications of metabolic bone disease and anemia.2,5 Such early
interventions can prevent excess cardiovascular mortality and
limit progression to end-stage renal disease,2,6 highlighting the
importance of focusing on this higher risk population.

Primary care physicians (PCPs) represent the front line in
the early identification and management of CKD. However,
most PCPs do not consistently identify the presence of CKD.7–
11 In addition, while increased involvement of nephrologists in
the management of these patients has been linked to improved
dialysis-free survival,12 the majority of patients with stages 3
and 4 CKD are not co-managed by nephrologists.12,13

There are limited population-based data available to com-
prehensively assess quality of CKD care14 and the effects of
physician recognition and nephrology co-management on care
delivery patterns.15 The goals of our study were to assess the
quality of care for chronic kidney disease in routine clinical
practice and to identify patient and clinical features associated
with delivery of high quality care.

METHODS

Study Setting

The study was conducted within amulti-specialty group practice
consisting of 15 ambulatory health centers in Massachusetts,
with 166 PCPs caring for approximately 300,000 adult patients.
The practices use a common electronic health record (Epic
Systems) that captures clinical notes and electronic diagnosis
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codes, specialty referrals, medication prescriptions and labora-
tory test results. Electronic problem lists are primarily main-
tained byPCPs. This systemhas delivered automated reporting of
eGFR, computed using the Modification of Diet in Renal Disease
Study equation,16 along with serum creatinine, since 2007. The
electronic health record does not provide decision support for
patients with CKD. Nephrology services are provided by eight
nephrologists within the group practice.

Patient Eligibility

We used electronic medical record data to identify patients
with stages 3 or 4 CKD, defined as two consecutive eGFRs
between 15 and 60 separated by at least 90 days,2 occurring
during a 4-year interval from 2004 to 2008. We did not include
patients with stages 1 or 2 CKD based on their lower overall
risk for complications and the difficulty in accurately identify-
ing these patients using the eGFR. We excluded stage 5 CKD
patients as they are managed primarily by nephrologists, with
complex care processes typically outside of the domain of
primary care. We excluded children <18 years old, patients
lacking a primary care visit within the most recent 18 months
of the 4-year enrollment period, and patients receiving renal
replacement therapy based on diagnosis codes and dialysis
encounters.

Quality Measures

We evaluated the quality of care in four primary domains,2

including (1) monitoring stage of CKD, (2) cardiovascular risk
management, (3) metabolic bone disease and anemia monitor-
ing and (4) drug safety. All measures were assessed in the
year following July 1, 2008 to allow a minimum of 1 year
following the initial diagnosis of CKD prior to assessing
clinical performance.

Monitoring of disease stage was assessed as annual testing
for eGFR and urine protein. Cardiovascular risk management
was evaluated as annual monitoring of LDL cholesterol,
appropriate use of ACE-inhibitors/angiotensin receptor block-
ers (ARB), appropriate use of lipid-lowering therapy (statins),
and achieving an LDL cholesterol <100 mg/dl and blood
pressure <130/80 mmHg. Appropriate use of ACE inhibitor/
ARB was defined as a prescription within the last 12 months
for patients with hypertension, diabetes, urine protein/creatinine
ratio >0.15 or a spot urine albumin/creatinine ratio >30mcg/mg,
and no documented drug allergy. Appropriate use of statins was
defined as a prescription within the last 12 months for patients
with an LDL cholesterol >100 mg/dl and no documented drug
allergy.

Prevention of metabolic bone disease was assessed as
annual testing for calcium, phosphorous, parathyroid hor-
mone (PTH) and 25-hydroxyvitamin D. Anemia monitoring was
assessed as annual monitoring of hemoglobin. Drug safety was
examined via electronic prescription rates of potentially inap-
propriate medications within the prior 12 months, including
non-steroidal anti-inflammatory drugs (NSAIDs), glyburide,
metformin, nitrofurantoin, terbinafine (eGFR <50), alendro-
nate (eGFR <35), ibandronate (eGFR <30) and risedronate

(eGFR <35). These drugs were identified based on expert
consensus and review of the medical literature.

Correlates of quality of care

We collected patient level sociodemographic features, including
age, sex, race and insurance status from the electronic health
record. We assessed comorbid conditions including diabetes,
hypertension and coronary artery disease. Diabetes was
defined as the presence of either a diagnosis of diabetes on
the electronic problem list, or at least three encounter
diagnoses in the prior 24 months, or a hemoglobin A1c result
>7%. Hypertension was defined as a diagnosis on the electron-
ic problem list or at least three encounter diagnoses in the
prior 24 months. Coronary artery disease was defined based
on diagnoses codes according to Healthcare Effectiveness Data
and Information Set (HEDIS) criteria.17

We analyzed CKD care according to risk for overall mortality
or progression to end-stage renal disease, with high risk
patients defined as those with (1) concurrent diabetes18,19; (2)
urine protein/creatinine ratio greater than 0.15 or a spot urine
albumin/creatinine ratio >30 mcg/mg20; or (3) eGFR <45.12

We defined PCP recognition as documentation of a CKD
diagnosis on the electronic problem list.21–23 We defined the
degree of nephrology involvement as (1) active co-management
(nephrology visit within the prior 12 months), (2) past nephrol-
ogy care (nephrology visit more than 12 months prior), or (3) no
prior nephrology visits.

Data analysis

We analyzed correlates of performance on each quality mea-
sure by fitting hierarchical logistic regression models imple-
mented via SAS PROC GLIMMIX to adjust for clustering within
health centers and primary care physicians. These models
included performance on each clinical measure as the binary
dependent variable. To compare the care of high risk patients
versus low risk patients, we fit a model for each clinical
measure with patient risk status as the primary independent
variable. Additional independent variables included patient
age, sex, race and insurance status; presence of hypertension
or coronary artery disease; presence of CKD on the problem
list; and degree of nephrology involvement.

We fit a second set of models to evaluate patient socio-
demographic and clinical correlates of CKD care, with perfor-
mance of each clinical measure as the binary dependent
variable. Independent variables included patient age, sex, race
and insurance status; presence of diabetes; presence of
hypertension; presence of coronary artery disease; presence
of CKD on the problem list; and degree of nephrology
involvement. We used SAS PROC GLIMMIX to output predicted
rates of clinical performance for each quality measure after
adjusting for all patient and clinical characteristics.

We analyzed factors associated with degree of nephrology
involvement by fitting a hierarchical logistic regression model
including patient age, sex, race and insurance status; patient
risk status; presence of hypertension or coronary artery
disease; and the presence of CKD on the problem list. We
analyzed factors related to the presence of CKD on the problem
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list by fitting a final hierarchical logistic regression model
adjusting for patient age, sex, race and insurance status;
patient risk status; and presence of hypertension or coronary
artery disease. We did not include nephrology co-management
in this model as PCPs would most likely be aware of the
diagnosis of CKD before referring to nephrology.

This study protocol was approved by the Institutional
Review Board at Brigham and Women’s Hospital. All analyses
were conducted using SAS version 9.2.

RESULTS

We identified 11,774 patients with stage 3 (97%) or stage 4 (3%)
CKD (Table 1). Coexisting diabetes (29%) and hypertension
(66%) were common. Nearly one-half (46%) of patients were
defined as high risk for mortality based on the presence of
diabetes, proteinuria or eGFR <45. Only 24% of patients with
CKD had their condition documented on the problem list, and
only 10% were actively co-managed with nephrology within the
prior 12 months.

Chronic Kidney Disease Care

The majority of patients received annual monitoring of eGFR,
though less than one-third (30%) received annual urine
protein testing (Table 2). Three-quarters of patients were
receiving appropriate ACE-I/ARB therapy and had annual
LDL cholesterol testing, although the proportions of patients
with good blood pressure control and LDL cholesterol control
were lower. Among patients with diabetes, 53% achieved ideal

hemoglobin A1c control. Performance measures for metabolic
bone disease management were met in fewer than 50% of
patients. Over one-quarter (26%) of patients had been pre-
scribed a potentially harmful medication in the last 12 months,
with metformin most commonly prescribed.

Performance rates were significantly higher among high risk
compared to low risk patients for all measures except annual
hemoglobin testing (76.0% versus 77.0%, p=0.38) and annual
vitamin D measurement, which was significantly lower for high
risk patients (17.8% versus 21.2%, p<0.01). High risk patients
were more likely to be prescribed inappropriate medications
(41.7% versus 13.1%, p<0.01), which was driven by the use of
metformin and glyburide in higr risk diabetic patients. There
was no difference in rates of inappropriate medications
between high risk patients without diabetes and low risk
patients (13.8% vs. 14.0%, p=0.88).

Table 1. Sociodemographic and Clinical Characteristics of Study
Population

Overall (n=11,774)

Sociodemographic characteristics
Mean age, years (SD) 73.3 (12)
Male, n (%) 4,704 (40)
Race, n (%)
White 9,706 (84)
Black 848 (7)
Asian 272 (2)
Hispanic 193 (2)
Other 476 (4)

Insurance, n (%)
Medicare 7,779 (69)
Commercial 3,215 (28)
Medicaid 236 (2)
Uninsured 106 (1)

Comorbid conditions, n (%)
Hypertension 7,737 (66)
Coronary artery disease 5,665 (48)
Diabetes 3,410 (29)

Chronic kidney disease stage, n (%)
Stage 3 (30 ≤ eGFR <60)* 11,379 (97)
Stage 4 (15 ≤ eGFR <30)* 395 (3)

Risk status, n (%)
High† 5,469 (46)
Low 6,305 (54)

Clinical practice patterns, n (%)
Chronic kidney disease on problem list 2,878 (24)
Nephrology visit in last 12 months 1,193 (10)
Nephrology visit >12 months prior 1,863 (16)

*Based on estimated glomerular filtration rate upon study entry
†Based on presence of diabetes, proteinuria or eGFR <45

Table 2. Quality of Chronic Kidney Disease Care

Overall N
(%)

High risk
%†

Low risk
%†

P
value

Kidney disease monitoring
Annual eGFR* 10,092

(86)
91.0 86.7 <0.01

Annual urine protein 3,477 (30) 53.2 5.7 <0.01

Cardiovascular disease
Appropriate ACE-I/
ARB use‡

6,131 (75) 75.8 61.1 <0.01

Blood pressure
<130/80 mmHg

6,338 (54) 55.7 52.2 0.01

Annual LDL cholesterol 8,750 (74) 77.8 71.5 <0.01
Statin use§ 1,961 (42) 49.7 38.0 <0.01
LDL cholesterol
<100 mg/dl

5,225 (44) 54.9 34.7 <0.01

Metabolic bone disease
Annual calcium 5,287 (45) 48.8 46.5 0.01
Annual vitamin D 2,877 (24) 17.8 21.2 <0.01
Annual parathyroid
hormone

1,554 (13) 6.4 5.2 0.03

Anemia
Annual hemoglobin 8,885 (76) 76.0 77.0 0.31

Drug safety
Metformin 1,305 (11) 24.7 <1 <0.01
NSAID‖ 1,144 (10) 8.0 10.2 0.01
Glyburide 841 (7) 15.4 <1 0.01
Nitrofurantoin 378 (3) 2.5 2.1 0.14
Alendronate# 88 (<1) 2 - -
Terbinafine¶ 7 (<1) <1 <1 -
Ibandronate** 3 (<1) <1 - -
Risedronate** 2 (<1) <1 - -
One or more
inappropriate drug

3,045 (26) 41.9 13.0 <0.01

*Denotes estimated glomerular filtration rate
†Percentages adjusted for patient age, race, gender, insurance status,
hypertension, coronary artery disease, nephrology co-management and
presence of CKD on the problem list
‡Among 8,045 patients with coexisting diabetes, hypertension or
microalbuminuria. ACE-I denotes angiotensin-converting enzyme in-
hibitor, ARB denotes angiotensin receptor blocker
§Use of HMG Co-A reductase inhibitors among 4,645 patients with LDL
cholesterol >100 mg/dl
‖Denotes non-steroidal inflammatory drug
¶Terbinafine use among patients with eGFR <50
#Alendronate use among patients with eGFR <35
**Ibandronate and risedronate use for patients with eGFR <30
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Younger, black and female patients were all less likely to
achieve targeted levels of LDL cholesterol and blood pressure
control (Table 3). Uninsured patients demonstrated lower rates
than insured patients for kidney disease monitoring and three
of the five measures of cardiovascular risk management.
Patients with co-existing diabetes, hypertension or coronary
artery disease were significantly more likely than those without
to receive adequate kidney disease monitoring and cardiovas-
cular management.

Primary Care Physician Recognition and
Nephrology Involvement

Patient features significantly associated with increased PCP
recognition of CKD included black race [odds ratio (OR) 2.71,
95% confidence interval (CI) 2.2–3.3], male gender (OR 2.42,
95% CI 2.2–2.7), presence of hypertension (OR 1.53, 95% CI
1.3–1.7) and high risk status (OR 8.11, 95% CI 7.2–9.1).
Predictors of active nephrology co-management within the
prior 12 months included age less than 65 years (OR 1.97,
95% CI 1.5–2.5), male gender (OR 1.45, 95% CI 1.2–1.7)
presence of hypertension (OR 2.05, 95% CI 1.7–2.5), high risk
status (OR 4.58, 95% CI 3.7–5.7) and primary care recognition
of CKD (OR 12.18, 95% CI 10.2–14.6).

Primary care physician recognition and nephrology involve-
ment were both associated with increased kidney disease

monitoring, monitoring for metabolic bone disease and ane-
mia, and improved drug safety (Table 4). Active co-manage-
ment by nephrology within the prior 12 months was more
consistently associated with improved CKD care compared to
past nephrology involvement (<12 months). Primary care
physician recognition and active nephrology co-management
were associated with increased ACE-I/ARB use. Neither
increased physician recognition nor active nephrology co-
management was associated with improved blood pressure or
cholesterol control.

DISCUSSION

Chronic kidney disease represents a significant health care
issue, affecting 13% of the population, resulting in substantial
mortality and health care costs.1,24,25 We identified a large,
primary care-based population with CKD and found signifi-
cant deficiencies in clinical care. Patients with high risk
disease features for cardiovascular death, such as diabetes,
proteinuria or an eGFR <45, were managed more aggressively,
as were those patients for whom the PCP recognized the
diagnosis or were being actively co-managed with nephrology.
Unfortunately, most PCPs did not appear to recognize the
underlying presence of CKD, and relatively few patients were
managed with nephrology involvement. Our study is consis-

Table 3. Patient Sociodemographic and Clinical Predictors of Chronic Kidney Disease Care*

Kidney disease
monitoring, %

Cardiovascular disease management, %

Predictor Annual
eGFR

Annual urine
protein

ACE-I/ ARB
use‡

Blood pressure <130/80
mmHg

Annual LDL
cholesterol

Statin
use§

LDL <100
mg/dl

Patient age
≤65 years 89.2 20.7 68.9 56.9* 73.7 39.2 38.7*
>65 years 88.5 20.0 71.5 52.9 75.8 43.1 46.1

Patient race
Black 87.9 22.7 73.3 46.1* 72.4* 41.3 32.3*
Other race 89.4 25.7* 73.9 53.8 75.8 42.4 41.0*
White (reference) 89.1 19.5 70.4 54.6 75.5 41.8 45.6

Patient gender
Male 89.1 24.4* 72.2 56.5* 76.6* 39.4 51.4*
Female 89.0 17.7 70.1 52.2 74.5 42.9 39.7

Insurance
Medicare 89.7 20.1 69.8* 54.6 74.6 42.0 44.8
Medicaid 90.1 23.3 76.5 48.6 82.9* 42.4 48.5
Uninsured 63.6* 6.2* 57.5* 57.9 45.1* 35.7 25.7*
Commercial (reference) 87.7 20.9 74.2 52.4 77.2 41.7 43.2

Comorbid conditions
Diabetes
Present 92.8* 76.1* 81.7* 57.0* 85.6* 65.6* 66.0*
Absent 88.4 8.2 62.1 52.6 69.9 37.9 35.5

Hypertension
Present 91.9* 23.8* 73.5* 50.1* 78.4* 47.5* 48.2*
Absent 81.1 14.3 41.7 61.2 68.5 34.4 36.8

CAD†

Present 89.9* 19.8 71.7 57.0* 76.4* 51.8* 51.9*
Absent 88.2 20.5 70.1 50.9 74.3 37.1 37.1

*Percentages in bold indicate statistically significant differences with p <0.05 after adjusting for patient age, race, gender, insurance status, diabetes,
hypertension, coronary artery disease, nephrology co-management and presence of CKD on the problem list
†Denotes coronary artery disease
‡Among 8,045 patients with coexisting diabetes, hypertension or microalbuminuria. ACE-I denotes angiotensin-converting enzyme inhibitor, ARB
denotes angiotensin receptor blocker
§Use of HMG Co-A reductase inhibitors among 4,645 patients with LDL cholesterol >100 mg/dl
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tent with the prior CKD literature documenting significant
deficits in the management of cardiovascular risk factors,23,26–
28 monitoring for proteinuria and ACE-I/ARB therapy13,23 and
screening for metabolic bone disease.29 Our analyses expand
on this prior work by using detailed electronic health record
data to risk stratify a large patient population and to compre-
hensively assess care across a broad spectrum of domains,
including drug safety.

As health care delivery systems seek to implement CKD
management programs, determining cost-effective resource
allocation will be essential.23,30 To meet this goal, we developed
an algorithm that identified patients at high risk for death.
Management programs may elect to target these high risk
patients or specific areas where gaps are the greatest. The
development of new CKD chronic care management programs
should also focus on meeting the needs of underserved
populations. We found that women and black patients were
less likely to achieve important clinical targets including blood
pressure and cholesterol control. These disparities are consis-
tent with prior literature regarding chronic disease manage-
ment and may require specific efforts to eliminate these gaps.31

Because recognition of CKD was so low, much of the CKD
management seen in this study was likely performed as part of
care for known diabetes or cardiovascular disease. Many of the
care recommendations specific to CKD such as management of
metabolic bone disease were not performed. Patients did
receive better care when their CKD was recognized. This
suggests that PCPs should be assisted with identification of
patients with CKD. Automated reporting of eGFR represents
one potential method of accomplishing this,22,32,33 but our
data and prior literature suggest it is not sufficient.22 More

advanced clinical decision support within the context of
electronic health records could be used both to highlight the
presence of CKD and to suggest specific targeted treatment
recommendations.

Our data highlight that clinicians are less likely to recognize
the presence of CKD among white patients, women and those
without hypertension, diabetes, proteinuria or low eGFRs (<45).
PCPs may perceive these patients as being lower risk for
developing CKD. Alternatively, physicians may rely primarily on
serum creatinine thresholds rather than eGFR. In this case,
women and white patients will be less likely to cross such a
creatinine threshold for a given eGFR compared to male and
black patients, making recognition of underlying CKD less likely.

We confirmed the low prevalence of involvement of nephrol-
ogists in the management of CKD,12,13 despite the known
survival benefit of such involvement for patients with stages 3
and 4 CKD. Nephrology involvement of any type was associat-
ed with improved care across many measures, with the most
improvement seen among patients with a recent nephrology
visit. While higher rates of nephrology co-management were
appropriately seen among the higher risk patients, we found
that older patients were referred less often, perhaps due to
hesitancy on the part of PCPs that such care targets pre-
dialysis care only.34,35 Older patients with low eGFR or
albuminuira still have increased risk of death,4,36 and ne-
phrology care has been shown to improve dialysis-free mortal-
ity.12 Programs to increase appropriate involvement of
nephrologists should focus on increased communication be-
tween PCPs and nephrologists about goals of co-managed CKD
care, especially for high risk patients.37 However, better
management by primary care must represent an important

Table 4. Importance of Awareness of Chronic Kidney Disease and Nephrology Involvement

Primary care physician
recognition

Nephrology involvement

Present %* Absent %* Current (<12 months) Past (>12 months) %* Never %*

Kidney disease monitoring
Annual eGFR† 93.1 88.8 99.0 85.0 87.4
Annual urine protein 27.8 18.6 88.7 25.7 14.6

Cardiovascular disease
Appropriate ACE-I/ARB use‡ 74.1 69.7 81.0 70.8 69.1
Blood pressure <130/80 mmHg 53.3 54.1 55.8 53.8 53.7
Annual LDL cholesterol 76.0 75.2 77.7 73.1 75.2
Statin use§ 41.2 42.0 40.1 37.9 42.2
LDL cholesterol <100 mg/dl 45.5 43.9 47.1 43.1 44.0

Metabolic bone disease
Annual calcium 56.4 45.3 93.4 50.1 40.0
Annual vitamin D 26.1 18.3 88.8 24.1 14.1
Annual parathyroid hormone 13.0 4.7 78.1 11.5 3.8

Anemia
Annual hemoglobin 80.3 76.1 96.5 75.7 72.7

Drug safety
One or more inappropriate drug 19.7 23.9 17.5 18.1 23.8

*Percentages adjusted for patient age, race, gender, insurance status, diabetes, hypertension, coronary artery disease, nephrology co-management and
presence of CKD on the problem list. Percentages in bold indicate statistically significant differences (p<0.05)
†Denotes estimated glomerular filtration rate
‡Among 8,045 patients with coexisting diabetes, hypertension or microalbuminuria. ACE-I denotes angiotensin converting enzyme inhibitor, ARB
denotes angiotensin receptor blocker
§Use of HMG Co-A reductase inhibitors among 4,645 patients with LDL cholesterol >100 mg/dl
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component of any strategy as the supply of nephrologists is
limited.

We found that 27% of patients were prescribed potentially
unsafe or nephrotoxic medications. Few studies have docu-
mented the use of unsafe medications in the primary care
setting based on renal function. While we did not assess the
frequency of harm caused by these medications, our data
highlight a major patient safety concern, particularly given
that we likely underestimated use by not capturing over-the-
counter NSAID use. Efforts to improve drug safety might take
the form of real-time, patient-specific clinical decision sup-
port,38 supplemented by regular population-level monitoring
with notification of both patients and providers of potentially
inappropriate medications.39

An important finding is that rates of ideal blood pressure
control were low, and we did not identify any significant
predictors of improved control. Nephrology co-management
was associated with a clinically important increase in ACE-I/
ARB therapy, potentially due to hesitancy on the part of
primary care physicians to use these medications in the
setting of a rising creatinine or mild hyperkalemia. Despite
this, nephrology involvement was not associated with im-
proved blood pressure control. This demonstrates the need
for a specific focus on managing hypertension in CKD and the
need to overcome potential barriers such as those related to
medication therapy intensification.40

While our study is strengthened by the availability of
comprehensive clinical data on a large patient population, it
has important limitations. We focused primarily on clinical
performance measures and do not have data on long-term
patient outcomes. However, the clinical performance measures
we assessed have been associated with long-term outcomes in
randomized trials.2 We did not include intermediate outcome
targets related to anemia monitoring and metabolic bone
disease. There is currently debate regarding the optimal
targets for these aspects of CKD,41,42 and so we focused on
process measures of annual monitoring, for which there is
general agreement.2 We used 130/80 mmHg as a target for
blood pressure control based on published guidelines,43,44

though there is debate as to whether a goal of 140/90 mmHg is
more appropriate.45 The benefits of more aggressive blood
pressure control may be more apparent in patients with
significant proteinuria.46 We did not assess harm from the
use of apparently unsafe medications and were unable to
exclude short courses of NSAID therapy, which may be less
nephrotoxic than longer therapeutic courses. Finally, our
study took place in a multi-specialty group practice with
integrated involvement of primary and specialty care, and the
results may not apply in other practice settings. However,
overall levels of performance may be even lower in less
structured settings.

In summary, we identified significant challenges as well as
opportunities in the management of CKD. Effective use of
electronic health record data can facilitate risk stratification of
patient populations and identification of gaps in quality of
care. Increasing physician recognition of CKD and appropriate
involvement of nephrology represent important goals to im-
prove delivery CKD care. Additional efforts are clearly needed,
including a focus on drug safety and adequately managing
cardiovascular risk factors.
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